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introduction 

The Hydraulic Section has l>OGn kept fully occupied during the . 
year and considcrnblo extensions of the river research station have boon 
necessary. The river models under examination during the year have 
included Jumna above Tajowala Headworks in connection with the 
control of shingle entering tlio canal ; the control works on the rivor 
Sutlej above Suloiinnnko and Islam Headworks ; the river Indus in 
connection witli the construction of Kalabagh weir and the rivor Ravi 
for silt control at the Headworks at Madhopur. Recommendations 
'made as a result of some of those investigations have already been put 
into operation. 

A largo number of models of rapids ajid falls have been examined 
with the object of contiolling either side or bed scour. The sugges-. 
tions made Jiuve been adoj>tcd in many cases. 

A lengthy experiment on Uio de>ign of silt extractors has been 
in progress. This experiment hhs -particular reference to silt extractors 
in lined, channels. ' 

The Experimental Station established last year for the exami- 
nation of different forms of outlets has continued to operate, A.P.M.’s 
have been under investigation. 

‘ The ’most important work with the Physics Section has been the 
investigation of tho development of negative pressure in soils of Iiigh 
moisture fcontent and the application ofi the results to the measure- 
ment of the depth of water-table. The main factor determining- tho. 
negative pressure developed is tho grade of the material. Omng to 
the development of tho negative pressure, variations in well lovols 
m high water-table areas may not indicate movements of tho free 
water-table. The effect of grade of material on the negative pressure 
developed maj' account for the apparent variations in water-table 
depth at points close together, since differences in the mechanical 
composition of the soil wilt be reflected in the readings of water deptln 
in the wells. 

An investigation of the application of the electrical eonduc- 
tivitj’ method for the detection of cavities under a weir was carried out 
at Balloki. The results obtained, when compared with actual quanti- 
ties of sand used in grouting, show that unsound portions were fairly 
accurately detected. 

The Mathematical Section has been studying bed silt move- 
ment in channels. The slopo-discbargo formula developed in earlier 
work held good when bed silt movement was small, ^\^len the quantity 
of bed silt moved is large, the slope is considerably steeper than the 
regime slope given by tlie formula. Experiments have beeninjirog 
ress to develop n method of measuring bed silt charge. 
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The work done is described under the following Headings 
A — ^Biver Models. 

— ^Models of Bapids and Falls. 

C — Silt Experiments. 

' I i)— Seepage and Kegeneration Experiments. 

E — Outlet Experiments. 

A — ^Biver Models. 



‘ ‘ ■Work on the following Biver Models was carried out . 

^ j . — ^Further experiments on Biver Diversion on a model pf 

the Biver Indus above and below Enlobagli Headwcrks. 

JI — ^River Diversion experiments on a model of the Biver 
Sutlej above Sulcvnanlce Headworks. ' 

JIJ — Bank protection and Biver Training experiments on a 
model of the Paiijnad Hecfdworks. 

, ■ IV — study of a model ot the river above Panjnad Head- 

works to determine the effect of scraping the bela upstream of the 
left divide wall on the approach to the left packet, 

V — Training of the River Bavi above the Madhopur Pockei. 

VI — An investigation of a model of Biver Sutlej above Islam 
HeaAworks for deterniming methods to protect the Left retired 
ombankment. 

VII — An investigation ot a mode! of the Biver Jumna above 
Tojcu'ola Hcadiiorks. 

j — Further experimenis on Piver Diversion on a model of the Biver 
Indus above and below Kalahagli Jieadworks. 

An account of the experiments carried out with three different 
echeims of river diversion examined on the model of Kalabagh Head- 
workf’ 'vas given in the last year’s annual report. ' ‘ 


' The Chief Engineer ordered that diversion tests should again 
ho carried out after moulding the model to the detailed and latest 
river survey to l)o supplied by the Executive Engineer, Ivalabagh. 
The river tray dowiistrcam of the weir was extended by 150 feet in 
order to allow sutricient room for the development ot the doA\nstream 
loading out. Tlie procaiitions taken in tliis case wore : (1) The grade 
of tbo shingle ti«od for iiionlding tlio lied of ‘ the river was such that no 
shingle movement took place wilh a discharge equivalent to 30 000 
eusecs. (2) The diversion cuts woie made in pure screened s.Wl 
Tln-'C precaution-^ met the requirements ot the Superintending Enmncer* 
XJppet .Ihelum Banal, mentioned in hi^. note dated the 3rd April 1911 * 
The di%..Trion .-uiw wore mnd^ the oiigmndnt 

6houn /111 the plan -.igned by tJie fiupeiinteudmg Engineer. Hnnor 
.thelum Cena), on tin- 31th Mnicli 1911. ^ ^ ^ 


flir rnnrrin.,, ,„„,;,)_]!otoro starting with |I,o 

llu. with t, dischnrgo 
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The vrork done is described tinder the following Headings : 
A — ^River Models, 

B — ^Models of Bapids and Falls. 

0^ilt Experiments. 

. i>--Seepage and Regeneration Experiments. 

B—Outlet Experiments. 

A — ^Eivnn Models. 


‘VTotk on the following River Models was carried out:— 

‘ I— T\ir{hor experiments on River Diversion on a model of 

the River Indus above and below Kalabagh Headwofrlzs. 

11 — River Divornion experiments on a model of the River 
Sutlej above SuJeimanlc Hcadworl‘.s. 

IJl—Baxili protectjDJi and River Training experiments on a 
model of the Pa7ijn(id Headicorks. 

IV — A study of a model ot tlie river above Panjnad Head- 
works to determine the effect of scraping the bela upstream of the 
left divide wa|l on the aiiproacli to the left pocket. 

V — ^Training of the River Ravi above the Madhojyur Pocket, 

FZ— An investigation of a model of River Sutlej above Islam 

Uoadworks for detenninmg methods to protect the Left retired 
einbanlviuent. 

VJI — An investigation ot a model of the River Jumna above 
Ttijcicala Bcadicorhs. 

2 — JParihcr experiments o« Jliver Diversion on a model oj the Burr 

Indus above and hehio Kalabagh Headworks. 

An account of tbo experiments carried out with three different 
Fchomes ot river divemion examined on the model of Kalabagh Head-- 
ivorlf.s uns given in the last year’s annual report. 

• The Oliicf Engineer ordered that diversion tests should again 
be carried out after moulding the model to the detailed and late.st 
river surroj' to be supplied by the Executive Engineer, Kalabagh. 
The river tray downstream of the ^\on‘ was extended by 150 feet in 
order to allow sulVicient room for tlio development ot the downstream 
leading cut. The procaiitions taken in this ease were ; (1) The grade 
ol the shingle U'sod lor nionlding the bed of the river was such that no 
.•*hingle moveinent took place ivifb a discharge equiralent to 30 000 
euM'cs. (2) The diversion cul^ neie made in pure screened sand. 
The-e precautions mot the requirements ot the Superintending Engineer* 
Rppei .lliehnn Caimb mentioned in his note dated the 8rd April, JPil. ’ 

The dnorrion cuts Mere made according to the alimimont 
fclu.wn on the plan signed by tlu' Su pel intending Engineer ”Uppor 
Jbelnm C.iin), on tbo lltli .Afarcb UHI. * 


Tolhig fbr rorrrrtn^s,, of the mndrl—hoioro starting with the 
d,xrr>:oii t},e model v,ts nm uilh n discimrgo equivalent . 
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The \vork done is described under the following Headings : — 

A — Hiver Models. 

B — ^Models of Bapids'and T'alls. 

C — Silt Experiments* 

i ) — Seepage and Begeneration Experiments. 

— Outlet Experiments. 

A — River ilonEi-s. 

■Work on the following River Models was carried out 

1 — ^Further experiments on River Diversion on a model ai' 
the River Indus above and below KaJahagli HeaHn'orJcs. 

^ JI — River Diversion experiments on a mode) of the River* 

Sutlej above Suleimanlx Hcadicorlis. 

Ill— Bank protection and River Training experiments on a 
model of the Vanjnad Hcndicorlcs. 

2V — A study of a model of tlie river above Panjnad Head- 
works to determine the effect of scraping the hela upstream of the- 
left divide wall on the approach to the left pocket. 

V — Training of the River Ravi above tlie Madhopur Pocket, 


VI — ^An investigation of a model of River Sntloj above Islam 
Hcaihcorks for determining metlioch to protect the Left retired- 
embankment. 

— ^An investigation ot a model of the River Jumna above 
Tajetcala Bcadiiorks. 

l^Purihcr experiments on Piver Diversio7i on a model of the Piver 
Indus tthove o)id heloic Kdldbagh Beadicorks. 

An account of the experiments carried out with three different 
Fchcines of river diversion examined on the model of Kalahagh Head- 
works was given in the Inst year’s annual report. 


The Chief Engineer ordered that diver.'jion tests should again 
he carried out after moulding tlio model to the detailed and latest 
river survey to be supplied by the Executive Engineer, Kalahagh. 
The river tmy dowiistream of the weir was extended hv 150 feet in 
order to allow sufiicieiit room for the development oi the downstream 
Ic.nling nil. Tim precautions taken in thi'5 cave were : (1) Tlie grade 
of tliM sliinglc u^'Ctl for moulding the bed of the river was .such that no 
{•hinple movement took place -with a di^ebargo equivalent to 30 000 
(2) The diversion cuts wore made in pure screened sand 
The-e proeaution^ mot the reqniroments ot tho Siiperintendinc Engineer’ 
Uppei .Ihelnin t ■ -.1 • '* • fo41 

The divi ■ ■ .... * 

ll.c 

.ll'olum C.uial, ... aim .'warcii JiUJ. ^ 


divT* 


'ii'=iiing thr vorrrrin^s'a oj -thr 

•MU eNporirm-nK tl;e mode! v.i 


Juodri—Botoro starting with the 
" nm wiili a discharge equivalent 




KALABAGH MODEL 



Conditions of flow in the right creek before diversion 










KALABAGH MODEL 



Conditions of the cuts at partial bunding of right creek 




KALABAGH model 



Conditions of the cuts at complete bunding of right creek 
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to 31,000 ciisocs, 011(1 water lovols at points corresponding to those 
taken on the prototype wore observed in the right as well as in the 
central channel. These observations were compared with the pro- 
totype figures and are shovn in Tables I and 11. From an examina- 
tion of these tables it will ho seen that the water surface profile in 
the right channel is exactly reproduced on the model. At certain 
points in the central channel, however, there was some difTerenco 
between the water levels observed on tlio model and the prototype 
figures given for the corresponding points. This was explained by the 
Overseer, Kaiahagh, to be due to the existence of a small rapid at the 
right edge ot the central olmnnol which was not shown on the plan. 
This was made and the differences in the water level were adjusted to 
some extent. 

The Executive Engineer, Kalabagh, examined the model 
before the commencement of the river diversion. Along the left banly 
of the central channel above the heads ot the leading cuts there was 
just a trickle of water flowing. The gauges at this point were, how- 
ever, correct. According to the bed level'^, the depth of water at this 
point was only *G8 foot corresponding to *04 foot or -V on the model. 
The Executive Engineer, from his knowledge of the actual conditions,, 
was of the opinion that more water should ho passing along that side. 
Some shingle was, therefore, dropped just below the rapid as desired 
by him to allow more water to flow along the left bank of the centra! 
channel. This had the desired effect of passing more water along the 
left bank of the central channel, and raising tlie gauge at the head of 
the lett side loading cut. The conditions ol flow in the right and the 
central channels before the commencement of the diversion are ilhis- 
Irated in Figs. 1 and 2. Eleven gauges at points desired by the 
Supirinlending Engineer were erected for recording the water levels. 
The position of the ‘gauges is shown in Fig. 8. 

Closing the Eiglil Channel — The cuts were opened at 12-20 p.m. 
and the closing of the central channel was commenced. It was suggest- 
ed by the Executive Engineer, Kalabagh, who was present at this stage 
of the experiments, that the channel should he closed by dropping in 
stones instead of sand bags. This was done accordingly' and the 
whole operation took six hours. The doveloiiment of the ciits at differ- 
ent stages ol the diversion of the riglit channel are illustrated in Figs. 4 
and 5. 

The gauges were observ'ed after every fifteen minutes. A 
record of the observations is shown in Table 111. An attempt was also 
mado to measure the discharges in the central and the right channels. 

It was, however, not possible to take any accurate measurements. 

A ratio ot the discharges in the two channels is given in Table IV. * 
In addition, the velocity of flow of water in the cuts and the develop- 
ment of the cuts at different stages was noted. This is given in 
Table V. The gauges recorded at the time when the riglit chanrol 
was completely closed show that the maximum rise of water at (he 




Conditions of cuts after complete bunding of central creek 
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Conditions of cuts after complete bunding of central creek 
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Conditions of the cuts after complete bunding of central creek 



KALABAGH MODEL 



, Tiimensions of the cuts, i» Je<;t — 

IJ'J . M'.r.". ■, - ,[[ir,: t, I.jTDTM r,. • .- M, •..ir 

Bight mam cut , ’if r fOPP. , .. 

,• Eight subsidiary cut *,<•,,-( ' V i. 

■1'‘l Left subsidiary- cut t '<> L'.uk ^20 > -i 

Left main cut ' ‘‘i"''' 'i' * * 

_ 1 .'U I'J ’ . ‘.I.o . t . 

.'i It -NYiU be seen from the above table and Fig. 9, that channels 
were. formed in front of .the whole of , the weir excepting a bela which 
existed in front of the central portion. The following conclusions 
were obtained from the scrips of experiments. 

j The cuts according to the alignment proposed by the Superin- 
tending Engineer, Upper Jbeluih Canal, have Veen examined oh a model 
6f,the Kalabagh Headworks.mbulded^ft) the latest 'survey. It has been 
shown that'^- '..is'. ' ^ 

(1) The diversion of the right channel causes a heading up 
of about ; 5' at tlie gauges erected at the heads of the leading cuts. 

1 . Most of the water diver! ed from the light channel passes to the central 
- jchannel w’ithout affecting greatly the development of the cuts. 

■' (2) Closing of the central channel produces a marked develop- 

ment pi the leadmg cuts. 

(3) There is a heading up of about 4* 5 feet at the gauges 
constructed at the heads of the cuts. The E. L. of the gauge is about 
..689*3. 

It may be pointed out that the w-ater level after the completion 
of the previous diversion test was 691*0. After the completion of the 
above experiments the Chief Engineer ordered that the following 
further schemes of diversion shoiud he examined : — 

(1) Closing the central channel (from the left flank) first, 

, followed by the right channel. 

(2) Closing the right channel fiist as in the original test with 
o the diversion cuts of twice the width of those used in the first test. 

(3) Making the diversion cuts to the dimensions already 
Used and running the model for one monsoon before starting the 
diversion to see whether the cuts will develop or silt up. 

The tests were made accordingly and are described below 

1. Closhig the central channel (jrenn the left Jlanl:) first, follotved 
the right channel 

( Tlio model was moulded according to the latest sor\'ey obtained 
■from the Exe cut i\o- Engineer, Kalabagh Headworks. Tbe alignment 
of 'tlie cutPiused for the ‘diversion was' the same as* adopted' before. 

‘ ' . 
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The diversion w'as effected with a discharge of 31,000 cusecs. The 
following order of closing the channels was adopted — 

(1) The central channel was dosed first. Tlie closing 
channel was carried out from the left dank in six instalments. The 
total period taken on the model for closing the channel was six 
hours which iS equivalent to one month on the prolotypd 

(2) After completely closing- the central channel the right 
‘ channel was closed. The total period taken for closing this channel 

was also six honrs. ■ > > h*. 

Gauges were erected at the sarh'e ds in the previoiis test 

foi recording the river levels. The positions of these gauges is, shown 
ill Fig. 3, Water levels Were observed every fifteen minutes. Photo- 
graphs illustrating the conditions of flow at different stages of (the de- 
velopment o! the cuts were also taken and are given in Figs. lO to 20. 
Notes of important conditions of flow were taken during the operation 
of the model. 

C'^mdi^^o)^s ojfiow at the head of the cuts before opening the outs — 
The conditions of flow at the head of the outs and at the Right G-uido 
Bank in a discharge of 31,000 cuseps before opening the cuts are illus- 
trated in Fig. 10. From an examination of this photograph it will 
bo seen that the flow along the left flank of the central channel mainly 
takes place over the rapid in front of the cut. Very little flo\v occurs 
at the head of the second cut. 


Conditions of floib after opening the cUts and before the coHnience- 
vient of river diversion — The bunds at the head of the cuts w’'dre hCxfc 
removed. \Vhen the cuts were opened, water flowing along the left bank 
of the central channel started going into the cuts. The conditions of 
flow when the water just entered the cuts without glutting, in/ the 
diversion bund are illustrated in Fig. 11. The area along the left flank 
downstream of the head of the right cut became dry. This is also 
fehowu in Fig. 11. 


When the bunds in front of the head of the cuts are removed 
and the cuts allowed to flow, the gauges at the head of the cuts drop 
duo to the draw of water in the cuts. The gauge fixed at the head of 
the find or the right cut is affected accordingly. ^ , 

Chsirig of the Cenirat Channel—'First Bunding nn-^The' condi- 
tions of flow with tho first, portion of the bund in the central channel 
are pliown m Fjg.^12^ o the central 

♦onV ■ . . ' . as no flow of water 

rallv'' took practi- 

contml rhunnel at the iiead of the cuts "" 

■every fifteen minutes for tho coranlote s^tement after 




kalabagh model 








MODEL OF RIVER INDUS AND KALABAGH HEADWORKS 
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Third Bunding iip — W ith tlie third bunding up the cuts started' 
cpmg. The downstream cut also widened., out. ; The,, right. 




- ■■ VO- 

Gauge 

U/S of left leading' 
cat 

~U/S of right leading- 
cat 


e.l. 

U,h, 

After tha 3rd bunding up of 
central 'channel 

; 685 -47 

684 -82 

After the 3rd bunding up of 
light channel 

84 -92 

[.[J4 '* 

81 -07 



. t . L ni 


RrM^K3-Both the ga.gea are higher tha« thoae record'd i. ;Le prcv.ooa tm;’ ' 'u ‘ 

right cut at the head widened Tim Hnw a'f rapidly. ,The 

The coaditione of Bow are illustraW ^ 

are compared below ; ^ gauges obtained 


’ - . ..In 

«'i’ 1' ll iM' II , ■ 

' ‘ ‘ Gauge' > I’t i. 

iti' 1 ‘ ,iu . 

1‘ ! 1 1-1. ( . 1 . 4M , 

' ^ jy i* ' ‘It I . 

U/S leading' 

‘ ' '’’cat*'*' “ 

’ ' I 1 . 1 iT 

p/s of right' leading 

r ' . *' 

— 

E. L. , 

E. L. 

After fourth bunding up of tlie 
central channel 

nsGo ! 

v.a-.x^ 

685 -68. 

‘Alt'er tho fourth bunding uii'of 
right channel 

85'’-i4 , 

81 -39 


- 

up the ialan^b^veen fi ^he central c/iawnri— With the i.' ' P 



MODEL OF INDUS AND KALABAGH HEADWORKS 



Fourth bunding up of the Central Channel. 




as used in the last teH, i.e^, by means of adSdiug layeis of bbuldere all 
along the bund. 

First Bunding up of ike right channel {central channel cZoS6<p— 
The conditions -with the first instalment of the bund in the right 
channel- are -illustrated iii’ Fig.^lC. ’ The closing of thb' right chwinel 
affected very much the development of the right cut. The 
between the main and the subsidiary left cut was altogether washed 
away. The subsidiary cut on the riglit side developed veiy much. 
The downstream cuts also developed. The gauges are given below : — 




10 r- 111 i .iJ ' • - 

• ' ''I., 1 - 

Gauge 

U/S of left leading 
cut 

' ’ ' U/S of right leading 
cut^ ■' ‘ 

' 1 


.. lu: > It > » i 

j . i,r fi) ' 

1 .a ' 

After the first bunding up of 
the right channel - 

" 'Uii 111 

! jni ; '087-71 ’ 

'1.^ 

■ C87-8b'‘‘ “ 

After the first bunding up of 
the central channel 

85 -14 

85-35 ' ' 


R£Ma£E 3 — The gauges when the central channel was closed first are higher than those obtained 
when tho right channel is closed first. 

Second Bunding up of (he right channel {ce7iiral channel closed ) — 
The conditions with the second bimding up of the right channel are 
illustrated in. ‘Fig. 17. The right cut considerably developed. A. 
portion of the island between the right and the left cuts was washed - 
away. The gauges are given below : — 


Gauge 

U/S of left leading 
( ' , 1 ^ 

U/S of right leading 

- . .1 Ul , 1 

K. L. 


After the second bunding .up 
of the right channel 

, GST -82 

■ ' - GS8-04 '• ' 

the bunding up of 

*1*® cental ‘^bannel ’ 

85 *57 

, 85-74 


gikoge# m this case au also higher than ihojio 


ohtaioed in the picTioua one. 
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(The central channel having been closed first.) 
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Conditions of flow when second portion of the bund in the right channel has been 
constructed (The central channel having been closed first). 
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Conditions of flow when second portion of the brad in the right channel has been 
constructed (The central channel having been closed first;. 
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upslream of the weir when the whole of the river is aiverted 
to the weir 







flow downstream of the weir looking upstream when the whole of the riv. 
ted on to the weir. The cut downstream of the weir developed completely at 
the end of the run 
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nditions of flow in the cut downstream of the weir looking downstream. The 
cut downstream of the weir developed completely at the end of the run. 
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(4) Tlio gauges fixed at the bead of the right and Uie left 
leading cuts record higher levels 'lyhen the central channel is 
♦ first than those obtained when the ‘right channel is closed first. The 
' difference in these' gauges is about' one foot. ^\Yhen 'the central 
channel is closed first the highest level obtained is'E. L. 90 ’2 and 
when the right channel is closed first it is E. L.'89''2: * ' ' 

U . P > ilM 1'. ) •' )n . t' ' 

A rise of about 5 ’S feet occurs on the gauges fixed at the head 
of the left cut when the central channel is closed first. ' When the right 
channel is closed first a rise of 4*5 feet- takes place. This is against , 
an expected rise of 2 feet. 


Summary and conclusions 

A model of the river Indus above and below the Kalabagh 
Headworks has been examined to deteimine the most suitable 
methods of river diversion. It has been shown that higher gauges 
are obtained close to the headworks when the central channel of 
the river is closed first. 


2. Closing the right channel first, as in the original test, loitU 
the diversion exits hcice ' ' ' ^ the first test — The 

model was remoulded ■ , er survey and all 

the gauges were erectJ places. The cuts- 

were made according t ... m the previous tests. 

The width of the cuts adopted in this test was double of that used in 
the previous tests. The cuts made are shown in Fig. 21. The order ' 
of closing the channels was the same as that used in the last tegt^ 
i.e., the central channel was closed first and the right channel later. 
Before the construction of the diversion bund the cuts were opened- 
and water was allowed to flow into them. The conditions of flow 
after removing the bunds are illustrated in Fig. 22. An examination 
of this figure shows that when the bunds at the heads of the cuts are 
removed; the left cut draws practically the whole of the discharge 
flowing along the left flank. The right cut' remained almost dry. >* • 

Bunding up oj the central chawnci— The central channel was - 
closed in six instalments. -'The whole operation took ‘six hours as- 
before. •' | - - , . 
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(4) Tlie gauges fixed at the head of the right and the left 
leading cuts record higher levels ■^vhen the central channel is 
■' first than those obtained when the right channel is closed first. The 
‘ difference in these* gauges is 'about' one foot. AVhen 'the 
■' channel is closed first the highest' level obtained is B. L- 90*2 ana 
when the right channel is closed first it is'E. L.'89 '21 ‘ 

U/ i. II » , lul I J IIJ i) ;i . Il * , .1 in ' I ' 

- ' A rise of about 5 ' 5 feet occurs on the gauges fixed at the head 
of the left cut when the central channel is closed first. ' AVhen the ngnt 
channel is closed first a rise of 4’ 5 feet takes place. This is against . 
an expected rise of 2 feet. 


SummaXy. conclusions ^ 

A model of the liver Indus above and below the Kalabagh 
Headworks has been examined to deteimine the most suitable 
'methods of river diversion. It has been shown that higher gauges 
are obtained close to the headworks uhen the cential channel of 
the nver is closed first. 

2. Closing the right channel first, as in the original test, loUh 
the diversion cuts hvtce the icidtli of those used in the first test — The 
model was remoulded according to the latest river survey and all 
the gauges were erected at their corresponding places. The cuts- 
were made according to the alignment used in the previous tests. - 
The width of the cuts adopted in this test was double of that used in 
the previous tests. The cuts made are shown in Mg, 21. The order • 
of closing the channels was the same as that used in the last test, 
i.e., the central channel was closed first and the right channel later. 
Before the construction of the diversion bund the cuts were opened, 
and water was allowed to flow into them. The conditions of flow 
after removing the bunds are illustrated in Fig. 22. An examination 
of this figure shows that when the bunds at tlie heads of the cuts are 
removed; the left cut draws practically the whole of the discharge 
flowing along the left flank. The right cut remained almost dry. / ■ 

Bunding up oj the central channel— TH ig central channel was- 
closed in six instalments. 'The- whole operation took 'six hours as^ 
before. 


riBht%'’ut!'‘VbrcSiol «« 

10, bolinho K^vioos 



MODEL OF RIVER INDUS AND KALABAGH HEADWORKS 



12 


(4) The gauges fixed at the head of the right and the lett 
■ leading cuts record higher levels' when the centra! channel is dosed 
• ' first than those obtained when the 'right channel is closed first. The 
' difference in these' gauges is 'about' one foot. When 'the 
channel is closed first the highest' level obtained is'E. L. 90’2 and 
when the right channel is closed first it is'E. L.'89 *2. 

Ill • II O ) , .u’ ) I >)> O ill, t! ). I I iMm . ‘ ' • 

A rise of about 5 ’5 feet occurs on the gauges fixed at the head 
of the left cut when the central channel is closed first. ' IV hen the nghi 
channel is closed first a rise of 4*5 feet takes place. This is agamst . 
an expected rise of 2 feet. 


Summary and conclusions 

]> ) 

A model of the liver Indus above and below the Kalabagh 
Headworks has been examined to determine the most suitable 
methods of river diversion. It has been shown that higher gauges 
are obtained close to the headworks when the central channel of 
the river is closed first. 

2. Closing the right channel iirsf, Vi. original testt with 
the diversion cuts twice ■ , the first test — The 

model was remoulded ■ ■ . er survey and all 

the gauges were erect i places. The cuts 

were made according t ^ the previous tests. 

The width of the cuts adopted in this test was double of that used in- 
the previous tests. The cuts made are shown in Pig. 21. The order 
of closing the channels was the same as that used in the last test, 
i.e., the central channel was closed first and the right channel later. 
Before the construction of the diversion bund the cuts were opened, 
and water was allowed' to flow into them. The conditions of flow 
after removing the bunds are illustrated in Pig. 22. An examination 
of this figure shows that when the bunds at the heads of the cuts are 
removedil the left cut draws practically the whole of the discharge, 
flowing along the left flank. The right cut remained almost dry. ’ i 

Bunding ujp oj the central channel~~l!he central channel was- 
closed m si.x instalments. -The 'whole operation took 'six hours as> 
before. t . i . . , 


the disAo end tore tasfe 

right cut. The couditiora “ the m I H"® P'"'? ' *’« 

tor hot! theUt" 
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Double width cuts (Bunds removed) 
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Double width cuts 
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Double width cuts. 

First bunding of central channel. 

A view of the cuts downstream of the weir. 




, , Third Bunding hj?— W ith the ' “ i ■ : ' 

sidiary and the inaiu rjght cuts star' . ■■ ■ • ■■ ■ _ ■ 

carried a major i)ortion of the discharge, ' . 

in Fig. 26. The conditions of flow on the cut downstream of toe weir 
are illustrated in Fig. 27. The gauges are given below : — 


Gauge 

U/S of left leading 
cut 

U/S of right lead- 
ing cut 


B. L. 

B. L. 

After third bunding up of the 
central channel (double idth 
cuts). 

G84-34 . 

1 

681 -39 

After third bunding up of 
the central channel (normal 
width cuts.) 

S5 *47 

i 

84-82 

After third bunding up of the 
the right channel tnormal 
width cuts). 

i 

84-92 

81 -07 

- Hem ABES — Ths gauge at the bead of tlie left cut witli douUe vidth cuts is)ovrc«l. 

Fourth Bunding wj? — The conditions of flow with the fourth 

bunding are illustrated in Fig. 2B. The cut do^vnstream of the weir 
widened. The gauges are ^ven below : — 

1 \ 1 1 ^ 

Gaugo 

U/S of left leading 

U/S of right lead- 

' ■ 

cut 

cut 

1 ' 1 

1 1. , R. L. 

E, L. 

Alter fourth bunding up of the 
central channel (double 
- A\idtb cuts). 

:..i GS4-64 

1 G3l -51) 

Alter fourth bunding up of 
ceulial channel (normal 
width cuts). 

t^G-O 

S'l-CS 

Alter fourth bunding up of the 
right chaimel {normal width 
cut-.). 

S53-14 

81 -GU 
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Double width cuts. . 

3rd bunding of central channel. 






Double width cuts. 

4th bundins: of central ehonnel. 
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Double width cuts. 

Complete'bunding of central channel* 
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Double width cuts. 

Complete'bunding of central channel. 
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Double width cuts. 

Complete bunding of central channcL 

A View of tKft r .1 
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the subsidiary and main cuts was washed away. The velocity at the- 
head of this cut ^ras 7*5 feet per second and was the same as at the head 
of the left cut. The conditions of the cuts downstream of the weir 
•after complete bunding up of the central channel are shown in Fig. 30. 
It will be seen from this figure that a rapid development took place 
of these cuts and a- considerable area downstream of the weir was 
occupied by the channels. ’ The gauges are given below 


Gauge 

U/S of left leading 
' ■ cut 

G/S of. right lead- 
,iiig enfe . - 

• After cojDplete bunding up of 

K. L. 

684-82 ' 

K. L. 

634-61 

" tbe central channel (double 



width cuts). 

After complete bunding up of 

87 -SS 

’ 87-39 

the central channel (nor- 
mal width cuts.) 1 

After complete bunding up of ' 

85-14 

81-71 

the right channel. 




All the gauges obtained after closing tbe central channel first, 
•^Yith double width cuts, are compared with the corresponding gauges 
obtained when the central channel is closed first with normal width 
cuts. These are given below : — ^ 

iyfatement shoivi7ig the gauges after closing only the central channel 
tciih double and normal width cuts 
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jprom an exaininalion of'tho, above, tablfi-tlio fobowmg.mdica 
,tio;is are obtained : - ' ^ ’!■' •!■ ''' ’ .«i t ' *• ■ 

(1) At al} tbeigaiigq pQiiitSjje.xqeptipg.the gauge conbtnicted 
• at tiiO)bridge site, tbe iey.els are lower jn .tb^ ease of tbe double widlli 

cuts.- . , ■ , - !■*'!', .I'i u 

(2) Tbe gauges.at the head of .the puts .with the double .'oidtJi 
cuts' after closing the-central -channel are-about 2'5^feet lower tbau 
the corresponding gauges when the cuts 'are of normal width. 

(8) -There is praetically no- rise of water level at the gauge 
at the head of the left cut after closing the central channel. The 
gauge at the head of the right cut is, higher than the initial level by 
one foot. • ‘ - ’ 

Closing the right channel oj the rive: ‘ ' ' ■ .1 

channel — Afier the central channel was ■ ■ . ' 

of the right channel was commenced. G . , , . , i 

hours as before. The method adopted was also the same. 

First bunding up oJ the right channel^'W iih the first hunding 
up of the right channel, the .right leading cut developed considerably 
and the nose ot thp island between the .right and the Jeft,'^uts was 
eroded. The gauges for this experiment as well as lliose' olitained in 
the previous experiments are given below — ' - — * ■ 


Gauge 

13 /S of left leading 
' cut 

1 U/S of right lead- 

J ing cut 


II. L. 

1 E. L. 

.After first bonding up of the 

685-68 

[ 685 *46 

right channel, central chan* 
nel having been closed 
(double width cuts). 

After first bunding up of the 

87-71 

87-89 

right chaunel, central chan- 
nel having been closed (nor- 
mal width cuts). 
aVfler finst Imuding up of the 

8.5-14 

85-35 

central cluatud, the right 
channel having heuu closed 
(nurinal width cut-.). 



ntitARk*— ai tho head of the cuts aw cnn».,UrnVi i : — — 

lh»a lho«o obuiucd with the normal vidlb, cuts ^^hca the watSfct” T' 

tion of this figure it will bo seen that tlio hJi e.xamma- 

.uMdurv eft, i, comSot. Iv 

m.... and tl.a .,ub,idiary rigbt cutsi aI.o\vItd tva/'o"? 
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Double widtU cuts. 




18 


Sixth or the eomjpldc bunding uj) of the right chaiinel 
conditions of dow after the river ^vas completely diverted by closing 
the iSt channel are illustrated in Fig. 31. An examination of th 
ficuro^hows that, excepting for a small portion ot the 
ofthe centre of the weir, the whole of the area was occupied bj th 
channels. The channels also developed downstreaiii of the weir. Th s 
, . -rr. ne gauges are given below — 


Gauge 

U/S of left leading 
cut 

U/3 of rigid Icadiiu 
cut 



11. L. 

R.L. . 

After complete bunding up of 
the right channel, central 
channel having been closed 

CSC -75 

, G3G*32 

(double width cuts). 

After complete bunding up of 
the nght channel, cential 
ebann^ having been elohed 

9U-18 

90-18 

(normal width cuts). 

After complotG biuidiiig up of 
the central channel, the 
right channel kying been 
closed (normal width cuts) 


Cl 

c> 

CD 


XISU&AKS — Same aa ia first bunding up. 

From an examination of the foregoing results the indications 
obtained are as follows : — 

(1) The double width cuts give the lowest levels- The hend- 
in« up experienced at the head of the left leading cut is about 2*3 
feet while at the head ot the right leading,cut it is 3 • 4 feet. 

(2) When the central channel is closed first the final levels 
at the head of the leading cuts alter complete diversion are some- 
what higher than those obtained when the right channel is closed 
first, 

(8) The double width cuts give the most satisfactory results 
from the point of view of heading up. 

It is suggested that the left leading cut may be made double 
widtli while the right leading cut requires to be examined on the model. 
3, Making the diiersion cuts to the dimensions already used and 
running the river for one monsoon season before startmg the 
diversion to see whether the cuts mil develop or silt up. 

The model was remoulded to the river survey used in the previous ' 
oxpenmeuts and the cuts,^ were mad?* of the normal size aa already 

U9Ccl» \ 
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Cuts running with a discharge o! 29 * 000 . cusecs. 
Diversion, bunds not constructed. 
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Cuts running with a discharge o£ 47,000 c» 
Diversion bunds not constructed. 




modei; of river indus and 



Cuts running with a discharge of 55,000 cusecs- 
Diversion bunds not constructed. 
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Cuts running with a discharge of 184,000 
LUversxon bunds not constructed. 
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Diversion Bunds not constructed 
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Diversion Bunds not constructed 
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Conditions of flow witK a discharsc of 300,000 cusecs. 
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Culi running with a discharge ol 70,734 
Diversion bunds not constructed 
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Conditions of the river bed upstream of the weir after 
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With a diatbarge of 23,721 cusecs in.th^ river) vrattr just started 
Jewing into the lett cut. "> With a\ discharge ot* 29,500 cusecs water 
lowed into both the cuts. The conditions ot .flow with this discharge 
ire sbowTi in' Fig; 36,' -The conditions' ol fl,o\y uith|dis charges of 47,000 
:tis 0C3 'and' 55,000' cusecs '"are -illustrated 'in Fie^;' 37vjihd '38,‘fespec-! 
;ively.i f ‘ - '■ ■' J"* ' '* ^ .V 

. . ..n VJf, . r ' I r>,;' L .. •! 

After, the* above discharges had faeen^run-'a flood" 'discharge of^ 

184.000 cusecs was run on the model to represent a winter ’freshet'.' 
The conditions of flow' in the cuts downstream oi^ the w^eh wjth this 
iischarge are shown in^ ^’igs-, 39/ and 40.^,- After^ i^iipping the freshet 
discharge the model' ;was again run ^\ptl?/a discharge equivalent to 

70.000 cuSecs. " The right cut appeared' tp dbvelo^^ rapidly.' 

' ■ Flood discharge— A}' ^ood discharge equivalent t(5' 800,000 cusecs 
was next run on the model. The conditions of flow with this discharge 
Jre illustrated' in Fig. 41. From an examination ot this figure it will 
be seen that all the helas on’ the right side appear to have been re- 
moved. The light half of the weir took. an appreciable pertion cf the 
discUaige. ' ’ 

Alter running the flood- discharges, --low 'discharges Were run 
on the model. TJie conditions cf flow 'i^tb a discharge ot 70,000 cusecs* 
are illustrated in Fig. 42. From.an.oxaminatiou ot this figure it will* 
be seen that the left cut does not take any w’ater and has silted up. 
Wate’*, however, flow's through the* right cut and over the helas on 
the Jight half of the weii. It indicates that silting hps tak^n place in 
the falling flood. \Yhen the discharges in tlie river fell to ^0,000 cusecs .. 
ihoro was no w'ater flowing against the weir. Thq con^tions^ up- 
stream ot 'the weir in tho dry are show'u, in Fig. 43. It w'ill bo seen 
this li^|-e that the left, subsidiary and the main cuts silted up. 
Ahe right cut also silted up but to a. lower level than the left cut. 
survey was taken of the hed and is plotjted in ^ig,,44./ 

^ study of those figures the following indications are 

..jj ^ (l).Tho cuts developed in the flood discharges but again 

fl , portion ot the weir silted up very heavily and no 

' into the lol^cut with discharges in tho river beiuw' 
<u,vK)0 ciisoc.s. 

1 1 cut also silted up but tho bed was on a lower 

^ ihan tho loft cut. No flow took place into the?o cuts wiUi 
‘osctiarges lower than 60,000 cusecs. 

riv.r — ^^^ien no* diversion bunds am co:;itruci«%l in tl;o 

allow'od to run for a jK'riod ls^ui^aIl'nt to ou« 

♦ be cuts silt up at the end of the flood teas-on. 




A view of the completed model showing the position of bunds. 
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Low discharge in the river 
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Tills photograph shows the diversion bund between R. D. 63-59 Just at tbe stage 
of breaching 
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Photograph showing the flow taking place along the main bund 
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Photograph showing the river in flood 
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The photoffraph illuttratei the condition* of the river jn the flood. 
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The same with a higher ditchorge 
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Photograph showing Ihs condition at the line D. D. when both the channel, flow 
in low discharges 




Fig. 54 

MODEL OF RIVER SUTLEJ ABOVE SULEIMANKE HEADWORKS 



Photogii^ph showing the conditions at the line D. D. in high discharges when both the 
channels flow 
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The conditions o( flow at the line D, D. just. before giving way 
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The photograph showing the conditions of flow after the junction took pla. 
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The conditions of flow in the right branch in higher discharges 
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The same as Fig. 57 but in higher discharg« 
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Photograph showing the direction o£ flow over the hela near the line D. D. on the right 
branch side 
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Showing the conditions of flow near the line D. D.' in the right branch during the flood 
discharge of 200,000 cusecs 
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creek for a short distance the water returned , to the ’iuain chaimel. 
Tliis is illustrated in Kgs. 61 and 62. 

It was decided to make a detailed study ot tliis point. In order 
to do this, accurate le^els.of the bda bet'^eeu the two creeks were 
required. The Executive Engineer, Sideimauke • Division, was 
requested to supph* tliis infonnation. 

The Sub-Dinsional OfiScer, Suleimanke Headworks, informed 
that the htla, where the distance between the central channel and the 
rightcreekwasa minimum, was at an B. L. of 575*7, This information 
was considered to bo insufficient as the Sub-Divisional Officer gave 
only one level of the bela. Ho was, therefore, again asked to send a 
detailed survey of that area. In the meanwhile the model was moulded 
according to the survey of November 1940 and the portion of the beta 
at the line DD' was moulded to E. L. 575*7. A view of tho moulded 
model of tliis portion i.s given in Fig. 52. Tlie discharges examined 
before were run. The gauges ohsen*ed at the nose of the earthen 
bund are given in Table VII, 

The velocity observations in the central channel opposite the 
noso of the earthen bund were also made for discharges above 10,000 
cu'jecs and are shown in Table VIII. 

It will bo seen from an examination of Tables YII and VIII that 
with very high discharges there is no considerable rise eitlier in the 
gauge at tho nose of the bund or increase in tho velocities. This is duo 
to the fact that with high discharges the water spreads all over the 
place. 

Gauges were observed in the tight creek and in the central 
channel opposite tho lino DD'. Tho water levels were al^o taken at 
R. p. 89,000 in tho right creek and in tho central channel. Tho obser- 
vations on tliesc points are given in Table IX. 

It will bo seen from Table IX that for medium disclmrgo bet- 
ween 10,000 and 50,000 cusocs tho difference in the water level between 
the central channel and the riglit creek is 1*5 feet to 1 ‘7 fw*t uppnjxi- 
niately. With verj* high discharges tho difference bec^anu negligible 
as the two channels joined. A detailed study of tho condition of flow 
at the lino DD' was inado for different discharges. The conditions aro 
muslratod in Figs. 52 to 61. 

, At tho commencement of tho experiment the ililTeicnce Mweeu 

^^Sht creek and tho central cliannel was approvim itely 275 h-el. 
”>th the increaso in discharge in tho central cliannel tlio right edgp 
^t the lino DD' started eroding as is showii in Fig". 58 ami 5 1. 'J’hn 
eroMon of the hank continued on. With a di^lurge belMi***!! 
and 60,000 cusks or in tho neighbouiliood cf 60,000 cumts the tentraJ 
channel just joined tho right ertvk. This is illustrateil ju Kigi. 54, 55 
and 5G. 
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Current directions with discharge equivalent to 19,000 cusecs 








8000 flEtOW WEIR 







zooo ecLom we<« 



isoo" ssLOh’ weiff^D/srAncc r^fouSAHos ftsri 











Fto.ee (cpNTp;) 
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DtSTMLE IN THOUSANDS FCrT FROM THE ttFT FLANK 



FIG. 68 ^ontd:) 



Z)/STANCE IN THOUSANDS FEeT FPOM THE LEFT FLANK 




MODEL OF RIVER PANJNAD BELOW PANJNAD WEIR 






Current directions witK discHarge equivalent to 164,000 




/r/S.7/ (coUtd) 



OfSTANCC IH T«OtiS/»NOS ^eCT FROn THC tEFT 







riG.ll (contd) 



(spur pivots) 












FIG-TS (contd) 








'23 


•the year 1941 was assumed to be a j^ear o! low rivers while in Experi- 
ment No. 2 the year 1941 was assumed to be a year of high rivers. 
The results obtained in each case are discussed below : — 

Experiment No. 1 — Prohahle river conditions of the year 1941 
assuming low rivers — The model was moulded to the survey of 1940 
and discharges experienced in 1940 were selected to represent the 1941 
discharges. Pour spurs were constructed as shown in Fig. 63. The 
directions of flow at different stages were taken and are illustrated in 
Figs. 64 and 65. On the completion of the run, a bod survey was made 
and is plotted in Fig. 66. Scour along the heads of the spurs is also 
plotted in Fig. 67. The heading up caused by the spur with different 
discharges is given in Tables X and XI. The following indications 
were obtained : — 

(1) With the four spurs iir position there was no further 
bank erosion. The action W'as very light on the first pair of spurs. 

(2) The downstream pair of spurs was heavily attacked in 
the beginning of the run. There was some flow along the shank 
of the second spur on the left bank. This flow obtained a kick from 
'the head of the spurs towards the bda, 

(8) The banks of the river were protected up to 7,000 feet 
from the weir. 

(4) A deep channel formed along the lino of the heads of the 
i'purs. The central bela became reduced in size. 

In the further tests the first two spurs were removed and ex- 
periments were again carried out as before. The results obtained with 
this arrangement are shown in Fig. 08 and are given below* ; — 

(i) No erosion took place on either sido up to SjOGO* from 
the weir. 

(ii) Downstream of this point there w’as erosion of both 

banks. 

(tti) The central beta extended in width and the confluence of 
the two diannuls moved down stream. 

It was concluded that the most satisfactory results were 
obtained with four spurs. 

Er:pirwicnt No. 2 — In the second experiment the bed was 
mouldetl to the survey of November 1910 and di.sclmrges oxiK;rieuc«d 
>n 1939 Were run to represent a high river year, 'riu* test.^ were t arriod 
out as before. The current directions obtained with these distlmrges 
'*^0 illubtrated in Figs. 69 and 70. The survey obtained at variow 
ond scour along the heads of the upurs are plotted in Figs. il 
i!?'* *“• As before, testa were carried out with two and Jour tpuH. 
results obtained with two tpurs are plotted in Fig. *3. ^ the 

of the four ^purs tlio following indications were obtamed : 

(1) An attack occurred on ilm left b.'.nk belou; 4,000 feet 
•rom Weir. 
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•, i I . .1, .i(2) ^Concontratiou ot tiow took, place, flt 10,000 feet along, the 

. ,> loUb{yiU£i‘omweir - . ; 

(3) The confluence of the two channels moved downstream as 
. . observed, in the lirst experiment. , '■ n i 

•'> ''When the two spurs 'were in position tho following points ere 

noticed: — ■ ■ " • l' ’' ’ > h i-' ■< ’ 

(1) Upstream of the spurs there was.ju 9 t inuch^erosion tliougi 
the flow occurred silbh'g the' bank. ' 

, , (ii) ,Heavy octjon took place at the, nose of the spurs. 

As a result of the experiments carried out it.wns recommende 
,that four spurs should ,bo constructed at , positions shown in Fig* 

The Chief Engineer insirected the model of the Panjnad Head 
tworks during his monsoon ,tpur on thoilGth ot Jul^’ 1941 and discusse 
the.results obtained on the niodol. During the course of the discussion 
)Ya3 mentioned to the Chief Engineer that — 

^ (1) the points of maximuni erosion as now obtained lno^ed 

>. farther down than those obtained in the,i)revious years ; 

(2) the junction of the two channels shitted do^Tnstrea^^ ; and 


(3) the position of the central beta downstream of the weir 
for a length of 5,000 feet was not much altered, 

' It was pointed out to the Chief Engineer that if the erosion doun- 

stream of the weir farther than 6,000 feet did not' mattei much tne 
construction of the spurs may bo postponed. However, the probable 
river conditions at the end of years 1941, 1942 and 1943 were deter- 
mined on the model. A comparison of the river conditions from year 
,to year for six yeai-h was made. 

In Fig. 75 tile river edge from 1937 to 1940 as obtained on the 
^Hptotypo is plotted. The central beta ,for 1937 and 1938 is also 
plotted on this figure. It bo seen from an examination of this 
ligure that there is a considerable erpsion in the year 1939 down- 
‘htieam of the'weir at both the ba nks. In the years 1939 and 1940 theie 
has been iiractically no change in the position of the eroded edge of 
* the left bank. This may bo due to tbe construction of temporary 
spurs along the left bank but on the right bank also uji to a length of 
4,000 .to 5,000 feet from the weir there is little difference from the 
previous year. The maximum shifting of tlie bank, however, occurred 
at 8,500 feet from the weir. ' ( 


' 111 Fig. 7G the central bela for 1938 and 1939 is plotted. It 
will be seen that the beta extended downstream from 10,000 to approxi- 
mately 12,000 foot but the conditions of the bela with regard to 'the 
ceiitial lino of the weir wore not altered. • ' ■ u i.i/ .■ ji 

. In Fig, 77 tho conditions of tlio bela iii 1939‘and’'1940 are given. 
This figure shows that thero is" no considerable cbaiige'in the position 
of tlio bela in 1939 and 1940. The bela did not extend in 1940 much, 
further downstream than wheio it was in 1989. 
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Probable condition of river bed at the end of 1941 
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Forecast of the direction of flow at the end of 1942 
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Probable condition of river bed at tbe end of 1942 









Probable condition ol river bed at tbe end of 1943 
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Showing the directions of flow with a discharge of 150>000 cusecs under existing conditions. 
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The probable river edge in the year^ 1941, 1942 and 1943 was- 
ietermiued from tbe model and the portion of the left and the right 
banks for different 3 -ears is plotted in Fig. 7S. From an examination 
3f this figure it will be seen that for tlie.vears 1941 and 1942 the river 
jdge on both sides up to 7,000 feet is not much altered. After 7,000 • 
'eet there is some erosion of the bank but that also i'i not much, and takes 
place doAnistroiim of 8,000 feet from the weir line. The current direc- 
:ion and the bed conditions at the end of 1941, 1942 and 1943 aro'also 
illustrated phOtographicall}- in Figs. 79 to 84. 

It ma}- be pointed out that for protection of the banka up to 
>,000 to 6,000 feet downstream of the weir armoured spurs may not 
>e much needed, as is indicated h 3 ’ the conditions of flow. An}' tern- 
)orar^ spurs constructed on the left bank should be maintained. How- 
'''er, if it is desired to protect the banks much farther dowmstroam 
|nd to train the river into a single channel the spura are necessary, 
me conditions at site regarding the bank erosion taking place and any 
levelopment of the creeks in the central 6e?a would further help in 
rriving at the decision. 

iV — ^ Study of a 7 nodel of Panjnad Headtcorlcs to determine the 
effect of scraping the bela upstream of the left divide 
Tcalf oil the river approach io the left pocket.. 

Rai Bahadur Lala Ganpat Rai, Officer on Special Dut 3 ', visited 
be Hydraulic Laboratory' about the 7th of December 1941 and asked 
be proposals formed b 3 ’ the Superintending Engineer, Haveli Caiml 
'*rcle of scraping tbe beta opposite the left divide wall in order to 
obtain an easy approach to the left pocket to be tested. The proposal 
^ niustrated in Fig. 85, The portion of the beta to be scraped is marked 
^ fed on this figure. 

, . In order to test tbe above proposal a large scale model of tlio 
^Ujiiad Head WnrP a ftio <>.TnnI rpmilnf-nr nnrt nn« mile of the rivi-r 



As hb otlier data was available to further check the'model in detail 
the tests were commenced. 

. Ejfect, oj scraping the bela — The beta shown A K L B C A on the 
( plan m Fig. 85 was scraped by 5 ,feefc and the model was run witn 
varying discharges. The directions of flow were again observed 'wun 
a discharge of 150,000 cusecs and are shown in Pig. 88. A comparison 
of Figs. 87 and 88 will show that no appreciable diflerence m the direc- 
tions of flow is obtained when the bela is scraped off. ■ A very leeb o 
current exists on the scraped portion which lies on the inside of tne 
curve. Due to these conditions there is a deiiosit of silt taking pw^ 
on the surface of the 6 eZa, 

After running the model for 10 hours, which is equivalent to 
one season, the model was stopped and an inspection, of the bed w 
made. The conditions of the scraped bela are illustrated in Pig* » • 
From an examination of this figure it will be seen that the scrape 
portion is again silted up, • ’ ' 

In the next test the model was again moulded, to the givou 
sections and 10 feet w^as scraped off the beta. Discharges similar 
those used before were run. Current directions were taken at dmeren 
stages of the experiment and are shown in Figs. 90 to 94, It wiu 
seen from an examination of Figs. 90 to 94 that with the held 
by ten feet,, the concentration of flow at the -nose of the 
wall and swirl formation on the scraped jjortion of the bela stiU tat 
place. From Figs. 94 and 95 it is clear that the scraped portion ua 
again silted up. 

It can, therefore, be concluded from tho above tests that no 
useful purpose will be served by scraping 5 feet or 10 ,feet of the hei 
as proposed by the Superintending Engineer, Haveli Canals Circle. 

The Chief Engineer, West, inspected the model at differen 
stages of the investigation. 

Further experiments to determiuo the effect of tho 'regulation 
of the weir on the oblique approach of tho river to the left pocket, af® 
being carried out. As soon as the results are available a report wm 
be submitted. 

V — Training oj the Bivcr Ravi above Madhopur 
Pocket. 

The river conditions obtained at tho end of the monsoon of 1941 
were far from satisfactory. A large bela had developed in front of 
tho ^Marginal bund. In high discharges this bela remained uude'^ 
water, but for most of tho period in winter the bela was above the 
water level. Tho extension of, tho bela resulted in choking the 
channel flowing along the Marginal bunfl,. 

The Chief Engineer asked for experiments to be made to do* 
toriniiie inctliods to erode the bela. Accordingly the following tests 
woro made on tho Madiiopur pocket model , 

J. Testing tho effect of construction of a divide groyne. 



SKowing current directions after having scrapped off the proposed portion of the bela 
opposite the left divide wall. It will be seen that directions of flow in Inis case are 
similar to those given in Fig. 87 when the bela is not scrapped 
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Showing the bed after running the model. It is indicated from this photograph that 
the portion scrapped off tends to silt up. 



MODEL OF PANJNAD HEADWORKS AND RIVER SUTLEJ ABOVE THE WORKS 







ShowJni the river bed after 3 hours' run. The silting of the bela 
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After 10 hours* run. The original tendency of flow to talce place over the scrapped 
portion of the bela is considerably decreased 
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Showing the silting up of the bela after 10 hours’ run of the model 
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BEl> AFTER RUN W/TN THE DIVIDE WALL 
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MADHOPUR POCKET MODEL Fio. 
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'' Testing the effect’ of' the ’coiistruclioh'of^si)ui*3,,W’'lhe 

left edge of the‘mtiih‘'licia.’^’‘’ 

''III. Testmg the effect of: raising tlie' Shutters of the Supply 
weir. ' ‘ i' ' ' ‘‘i' ■ 

i. Testing tht e/pict '' of conkruction of a divide groyne, — A' 
groyne 350' long at E. L. lyidS'was constructed in the pocket ^at 
pier No. 4. The' model ' was 'run 'with 'different discharges in the 
river to determine the’ conditions of flow witli' the groyne in *p03i- 
i.tion.'. 1 . 11 ! H'l',.. • ' , '".i‘ ' I ' ■ ; 

' The following discharges were'!' un ‘ ‘ 

10,000 cusecs. •' ' ' ' " 

'U .r (.2)114^000 ‘ ‘ ' 

■ii i ' (3) 20,000 i; ' ' ' " ' ' ’ ■ , 

(4) 14,000 „ 

(5) 10,000 

-• • (6) ■•7,500 


The different methods of regulation adopted were : — 

Wedge from the left^ii.e., from Bays, 1 to, 12. 

(ii) Still pond in the Ist four bays and wedge from the left 
'••'in Bays 5 — 12. ' , - , > • 

(wi)' Stiirpond in the 1st four bays and wedge from right 
iu Bays . , 

. At the end of the experiments river sections were taken and com- 
pared with the original levels. The model was laid to the original 
■conditions for'eabh test. A plot of these observations is given in 
Figs.* 96 and 97. Silt entering the canal with different systems of 
regulation in the presence of tlie divide groyne was also measured. 
Result^ are given in Table XII. ‘ . 


The following conclusions were obtained : — 
t ! When water was escaped through Bays 1 to 4 in the presence 

• of the divide groyne a huge deposit of silt occurred on the right side 
of the divide groyne. Scour, however, took place at the nose and a 
swirl formed on the left side. The behrVras only slightly eroded. 

• AVhen , the still pond system was adopted in Bays 1 4 a 

formed at the nose of the divide w’dll resulting in a local scour, ino 
W<| was, however, not affected. More silt entered the canal, with 

• the divide groyne in position.' Current directions \vith divide groyne 

given in Pig.' 98. 

, If* ^vas concluded from this test that the construction of tho 
divide groyne, did , not, •materially help in the removal of the 
oda, t , , , w • ' ; < I 


. . 11. ' Tcking the effect of construction of spurst on ih^ left o/ 

»‘«mambeb.~Them6d6l Wasagainmoulded to the ongmal conditions 
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Showing the model running low diichargo 


y tThe Ghiof Eugmoer ordered that model investigations should be ' 
made to determine the position anditype of an armoured spur to protect ■ 
The left bank against further erosion.'^ i { j u i ii' . u j’f^o ( 

examviaiion of the Biver Survcij Pl^ns.r~^. atudyjof the river 
course was made from the river suryey,plau,of4941. The river loop 
at a. D. 3^ OQO on ,the deft, retired embanlanent was examined, and it 
was found that the loop formed a semi-circle with a radius of approxi- 

S a'fixed'poiiit at the’Jliafar'at line 

bo of the cross section shown in'Fig. 103/ ' ‘ 

\ examination of tho river upstream oi this large loop showed 
feet curvcr upstream of the loop had a radius of 8,000 

^Model investigation.— It was decided to ■ construct a model of the 
river Sutlej for adength of dfj miles upstream of the Islam Headworks 
to horizontal and vertical scales of yiOO and 1/20, respectively. As 
me land required for this model could not be obtained'^early it was 
ecided by the Chief Engineer to firsi' construct a;piIot mo'del and con- 
struct the large scale model after the land was'acquired. ' 

A small sc'ale'model'was, therefore) first constructed in the tray 
Khanki ' Headworks model. The scales adopted 

' Horizontal ' ' 1 / 300 ' 

.. ■ 1/50 

Ej^aggeration ^ ... 6 times. 

inlet and exit in this model were fixed in tiucb 
A "‘P I escape without dismantling the IQianki Weir. 

- rigid section was made at the upstream end and is show'n in Fig. 101. 
nnVi training works and the river loops are shown in Figs. 105 

respectively. A view of the model running vrith the ininiiiium 
winter conditions is shown in Fig. 107. 

/ .. . model could not be checked as no previous complete survey 
lln mach was available. The first experiment consisted in ttuting 

1110 determine the conditions of tho river edge in 1942. Tlio 

el was run for the discharges similar to those oxiierienced in 
om tins model it was shown that very little bed movement and bank 
^cnrred in the loop at E. D, 32,000 of the left retired embank- 
■ ^"'bver, above and below the loop there wore considerable 
examination of tlie model in medium dis.eh.irge» 

‘ mjit tho velocity of water in the loop, i.e., between .sections G5 
Itr while it was high ui».-.tre.imnml down- 

1^0 loop. An indication obtained from this te.'-t was that 
not 1 shifting of the left bank. However this could 

'^^S^rtained definitely from the small scale model and required 
uiuation of Iho large scale model. 

of of Sjjur 5 .~Next tho possibility of the construetioii 

bv spur in order to protect the left bank was examined. It was 



so 


shcvyii that at least two armoured spurs were required'to protect the- 
le^t bank. The river course may be fixed in that lobp but themainte* 
nance of the spur would cause heavy, expenditure 

scheme of ' cutting off the loop by constructing 
mi A ^ channel and diverting the river was next examined, 
liie iollowmg proposals were inade for this investigation 

j Constructing o hund heiiceen sections 49 and 50 and moling 

a leading ait from sections 47-L to 74-2:.— In Kg. 103 there is an old 
creek marked A. U was first suggested to utihze this creek for making 
tne Jeadmg cut. However the Overseer from Islam stated that at 
site tbe creek bad alinost silted up and that there was considemhle 
grov th ol^ilcnhi on it. It w'as also mentioned by him that now there 
^^as no difierence m the levels of the beta and that of the creek. A cut 
was, therefore, proposed between sections 47-L and 74-L. 


7 ^^\Consiniciing a bund beticeen sections 50 and 61 andmahnga 
sccimns 48.L to 72-L.-This was an alternative proposal 
of shifting the cut slightly upstream. - , - , 

(^) Consirnctingabundbeiiceen sections 53 and 54 and moling 

f d3 to secfiW’Sl *5.— The last proposal was 

examined first as it had tho advantaEre of sfrn^oli+fim-nrr out the riv 



tins fi^ciion irom the rixecutive 

this .iica bofoio carrying out iurther experiments. . 

Vll An investigation of a model of the River’' Jumna o&otc 
Tajeu’ala Headu'orJes. » * > ■ ' 

of the « length of threo miles upstream 

do!^tu;lman^o^ Re^latorand.about a mile 

mg stales - rregiilator was constructed at !Malikpur to the foHou- 


Hoii^ontai 

Vertical 

Distortion 


'1/40 
1/12 
S -33 


...an. Jnam toH- lo U'in'*, ? tbo moLl variU’ froml" f '>■? 
preliimnnrv ovnorm « i Tbrs was done after a number of 

^hoxsn m Figs'^oTloll'mid Ua '' 

effect oV^hwSnMho^^^^ 

w«Ki< dutta hr.t V ^?i ""f "I"'’"' Tho longtii of the s[niT 

obM■r^•t.i. q ad, ‘“‘^1 tJm directions of llowwcrc 
by rttiuLUjg the hueth of u^Jcful purpose could ho sen-cd 

i«»to tho ri>cr by nS spur was, then extcmlcd 

fcbo\\n that IingtlKnini! tho effect determined. It 

Oil to the lift tide, ^ * rhad I ho < ffect of bringing more water 



A view of the Johnson Nose, Gordian groyne and the Bloch-har spur 
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Next the eff ect’ of construction-of {s> shingle^bar upstream of,j^ef - 
Block Bar Spur and in front oMhe, old . ■v^'eir wps? examined! *, It ,^a 3 . 
shown that with the construction of the shingle bar most of the shingle 
and sand could be diveirteci to the old ’;\yeir. Th’e^^mosl suitable position 

of the bar is, being examined..' ^ • 

• '.‘Mi ■ ; B. Models of EALLb and Eapids. ^ ] 

' The following investigation S’ were carried out in this connec- 
tion : — : • • . ' ‘I' , > • 

I. Further investigations ’• of models of Eapids on the 
.Western) Jumna Canal. 

11.' An investigation of models of the Fall. at E. D. 217,000, 
Dipalpur Canal to examine methods of protection of downstream 
bed and sides. 


III. An investigation, of a model of Eapid at E. D. 12,500, 
Lahore Branch. ^ ' 

Jy. An investigation of a model of the Ealliali Eapid at 
R. D. 11,900 Main Branch Lower, Upper Bari Doab Canal. 

V. An investigation of a model of V. E. Bridge at 
R. D. 40i510, Lower Jhelum Canal, 
i . — Further investigations oj models of Fapids on the Western 
Jumna Canal. 


A report on the results of experiments carried out on different 
. types of rapids to be constructed on the Western Jumna Canal, was 
submitted to the Chief Engineer in the Annual Eeport of the Eesearch 
fP^tute for the year ending April, 1941. It was shown in the report 
bat the fall-citwi-rapid design was the most suitable of all the types 
I examined. e b 


of \ Chief Engineer inspected the models of rapids on the 19th 
August 1941 and examined the conditions of flow in each case for 
discharges in the canal with special reference to the difficulties 
the raft traffi?. ^ 


- . -^fter inspection, the Chief Engineer ordered that further e.\- 
!] ^^^ts On the models of rapids should be carried out to determine 
of alterations in design in order to facilitate the passage 

t js over the rapids. He desired that the glacis slope used m 
^tting Bay at Madhopur Headworks should be examined. 

The Rafting Bay'at Madhopur has a glacis on a slope of 1 in 40. 

b acis slope of 1 in 40 was, therefore, examined on these rapids. 
(l( 5 i were carried out on the rapid portion of the fall-cmn-rapid 

original slope of 1 in 15 was converted to 1 in 40. 
cus/^, ^^5 different discharges varying from 2,000 to 9.000 

observations were made for the position and type of standmg 

scour downstream. 

standing wave formed, indication could be 
•^t'd for the smtability or otherwise of the design for the raft 
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trafAd> The sUndmg'Wa^^e whichtwas'ilot well defined and- consisted 
of only Isurface'npples afforded an ^ easy’ passage to the^ rafts. • • 

:‘Tes‘ts were 'algo made' in' eacV case to’ deteinime the ^ J' 
raft traffic oh' the altered^glabik'Sldjie’. *' On’the model, ffie rafts ^ 
represented by wooden pieces 8 to 9 inches' long, 
together. These were let into the canal upstream of the ere 
rapids and their course was^ determined., '^hoiconditions o 
which all the rafts passed through the standing wave fie ) 
considered to be' the most suitable. . L / ■ 

It must be stated that the tests w ■ ■ ■ 

and comparative and give just a;roug„ -- ^ . PYaciiv 

the rafts. All the rafts. on. the prototype may, not beliav 
as they do on the model. Even on the prototype the 
rafts 13 not uniform. Some, rafts pass through the standing ■" 
others, under similar conditions, get siuck in.' ' • ' -ced 

, The results obtained with different discharges ,j{ 

in the following pages. , Photographs illustrating, the con 
flow in each case are also given. . , » . 

111 order to comp a 

flow on the new glacis slo] ■, ' ■ ■ . 

model’, photograph^ werb winm .x... — --o- . i. 

2.000 cus^ecs disfihari ■ ■ ^ 

represent* the ihininium w ■ . . 

of flow on, the rapids in tl 

be seen from this figure thj . . ■ 

at 157 feet’downstream of txxv. ^ ■ ,*, 

IS not fixed and moves rixr and dowhl Tt'inostiy consists or jj^ged 
moving jet. All the rafts which floated upstrearn of the gcoui 

through the standing wave without the least hinderance. ^ j 
took place downstream of the work. The 'conditions or n 
in 15 glacis slope are given m Fig. 11^. ‘ ‘ ‘ *- . _{ flovf 

3.000 cusecs discharge in the Canal. — The , ^•ffereoc® 

iij this discharge are illustrated in Fig. 113; ? There is not mucnain 
between tlm case and the previous one. The 'conditions or 

1 m 15 glacis slope are given in Fig. 114., ,i , i. 

4.000 'c«5ec5 discharge iit the’Canah — 'Ihe dif'Charge in t jjjed 

was further im^ieased to 4,000 crisecSJ'The condition's of jjja* 

in this case are shown m Fig. 115. , It will'b'e^seeij from pn 

tion o! this figure that m this case also no jir op er 'standing; wav 
All tho rafts droji^ied into the w’ater got ,^hrough the wave 

</tc’Co7ittk—Th’e conditions of A®'' 

isloveotl^ ^ 

, ■ . . • ‘Obo^uspcsdiscliarg^^. 

!.■ ne conditions 
■ ■ : ■. jNb scour occai 


stoxiping. 


The conditions aie . 
m,l in 1.J glacis '.lop'* 
downstream' of ' the w , 



Discharge 2,000 cusecs 





Discharge 2,000 cusecs 
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MODEL OF A RAPID ON WESTERN JUMNA CANAL 
Glacis slope 1 in 15 



Discharge 2,QG0 cusecs 






MODEL OF A RAPID ON WESTERN JUMNA CANAL 
Glacis Slope 1 in 40 




Discliar^e 3,000 cusec* 



MODEL OF A RAPID ON WESTERN JUMNA CANAL 
Glacis Slope 1 in 40 
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MODEL OF A RAPID ON WESTERN JUMNA CANAL 
Glacis Slope 1 in 15 



Discharge 3,000 cusecs 





MODEL OF A RAPID ON WESTERN JUMNA CANAL 
Glacis Slope 1 in 40 



OifchArgre 5.000 cu»ecs 



MODEL OF A RAPID ON WESTERN JUMNA CANAL 

Glacis Slope 1 in 40 




Fio. 117 

MODEL OF A RAPID ON WESTERN JUMNA CANAL 
Glacis Slope 1 in 15 



Discharge 5^000 cusecs 








MODEL OF A RAPID ON WESTERN JUMNA CANAL 
Glacis Slope 1 in 40 
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7,000 c»sec5 discharge in ihe Canal: — ^Tiie conditions of flow, 
•observed in this discharge are illustrated in Fig. 118. No standing wave 
formed in the portion from the left hank to a point 20 feet from the left 
bank, aiid a very poor wave occurred in the remaining 10 feet. One 
K)ut of six rafts floated upstream got stuck in the standing wave. 
The standing wave shifted from a position 162 feet to 175 feet down- 
stream of the crest. The depth of scour in this case was about 0' 8 
feet. It. must be stated that on the model the coarse sand formed 
the bed of the canal downstream of the impervious floor. Since, at site, 
shingle exists there would be no scour at all. 

• Full supply conditions in ihe ca7iah— 9,000 cusecs discharge. 

The conditions of flow in the full supply discharge on the altered 
glacis slope are illustrated in Fig. 119, The position of the wave 
shifted from 118 feet to a noint 184 feet downstream of the crest. 

ometimes it was formed but more 
mostly got through the standing 
— ^ .XI., the 1 in 15 glacis slope are given 
‘ Pig. 120, 

An important indication obtained from the above observations 
that wtli the alteration in tlie glacis slope from 1 in 15 to 1 in 40 
^0 difficulty in the raft traffic nniy decioase considerably. It may not 
ineces'iarv to alter the design in tbe eiitiie width of the rapid ; only 

> to 30 feet widtli may he reconditioned ^\hich may Oe sufficient for 
Je passage of the rafts. 

In another series of experiments the crest of the rapid was lowered 

> the level of the upstream floor, i.e., B. ti. 92 '75 and experiments 
created. It was sho^\n that the conditions ot flow in this case were 
‘\tihtly more suitable for passage ot rafts than those obtained uith the 
!^ked crest. 

— An Investigation of models oj ihe Fall at 1?. JO. 217,000, 
Hipalpur Canal to examine methods oJ protection oJ doicn- 
stream bed and sides. 

p . The experiments wore carried out irr accordanco with the Chief 
“puoorV orders contained in his letter No. 7294-N/506/35, dated the 
^dhApnl 1941. 

p Fall — Tho design of the fall at B. D. 217,000 Diiral- 

r illustratod in Fig. 121. Tho drop between tiro crest aud 
oe downstream floor is 4*60 feet and is secured in four steps each 
lufiltt 1^1® dowirstrearn end of the horizontal floor tirero is a 

Iflsh. Downs trearrr of the haflio wall there w a 
1 5 glacis and a horizontal drj' brick apron, 
ddti ^®*i^iderablo action takes place oir the bed as \rell as at the 

^wninia/ion of models -Two models of this fall were exanuxitd 
(1) A model representing a section of tho fall only. 


‘L. EMi. 600*05 
• e:l: 598*06 
' ’2,235 cuseca. 

Li. Ei L. 598’2 
■ i B. Ii. 597*9 

'.1 1117’5 ciisec?. 

L. E. L. 596;8 

E.L. 505-3 

558-8'cusecs. 
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(2) Ainoflel repi’OfieJiti^^o section and a tlifrfall. 

Tbe models ■ were nmde in* easoned* teak-wood ‘ with liorizontal 
and vertical scales'bf 1/20. - The' condition's' of flow examined ere ns 

follows : — ‘ > 'L • i *' ^ ^ ^ ^ ‘ 

,, (a), Full supply. .condition^ — ,, - 

• *'! 1 <U/S -water level i*' t ' '■ 

” D/S‘ V ater* IfeVel’ ' * 

Discharge ‘ * ' y i,,*-’ . 

(fe) Half supply .conditions— .v 

jr, U/S,w.ater level t hi'' ai.i: 

• i, , D/S water lev el , ' 

' Discharge' *’ 'VI'** 

(c) Quarter supply conditions — ri 

XJ/S -water level i' 

D/S water level 

' Discharge' .1 ' , 

(d) Conditions of, flow , pyer the fall .when the canal is j ® 

opened— i , •,< . k 

U/S water level ‘ ’ E.'L. 596-0 

D/S water level .. .. ’."Justihb' 

Discharge Between 400 4500 

I . . ‘ j <» ' i 1' *' cusecs. ^ 

Investigation oj Mode\N6. l—Beitresmting a section ojihe 
only. ' ■ ’ ^ 

model wag examined first for all the 
ine baffle wall, -which is partly broken, was not represente ^ 
model. A plot of the observations is given in Figs..l-'-‘ 
firom an examination of these figures it will be seen that no app 
scour occurs on the bed on this model- under any conditions 
tested above. ' - ■ , \ i ' ‘ ‘ . 

1 X- 1 the_next series of tests on this mpdel the^downstream ^ 

level was lowered firstly by one foot a^VI ibon by two feet belo'' ^ 
normal water level in order to stud’ 
the downstream level on the action ‘i 
obtamed are plotted in Figs. 124—127. 

eomSw occur on the bed but even under m''- 

conditions tbo maximum scour on the bed was only 8 * 92 feet. ^ 
w'w 7 ^^^^ important indications obtained fiom f5,j,l 

SoV the' scour on7rTbcf ^ 




r / 0./22 

DlPALPUlf CANAL FALL AT R.O, 2/7.000 









FIG. /24 

FALL AT no. Z,I7,000 OtPALPUft OAHAL 
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2.rr,Q00 DtPALPVff CAMAL 
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tL FALL AT R D. 2./7000 





FIG.tZO 

OtPALPUR CANAL. PALL AT R.O. 2 / 7.000 
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DIPALPM CANAL PALL AT R.D. 2./7000 





baffle, wall 













flittn' right side was also repreientedand^the required 

' " ‘ rpi” ■'■ ^ 1 \'i . ’ ■ '‘' -'i‘''’ ‘ 1 'H‘) J.iL'nt-Tl^Aij^ ‘♦ii; )• 

,H (1 rlll^wor^t.c^)^dlt^ons.of^^]o^v^t,l^e.^ffu]l siippjy, leVelswiiW^ ^et 
•‘^®>'?»streamIiAVQteif < level -We -.firsfei • examin^ 
19 necessary pbservations .were taken and. are plotted, in 

tbis.figum.it will ba.een ^bat?lh»-soot 
Ztb ./i occurred.on this .model. ■ On' the first<model. tbe 

.aopuj,of scour; under- similai ‘Condition^ was 3-92.ieet only.^r '*b <- bu.; 

witb’^tlie normal leVels' upstream ‘and 
in % 129 r ob^^Vation is given 

-Tlie‘d6i)th*nf « \ ^.^9P tallied with thia normal* levels, 

ditiot olflnw n? ^ ?,^i9'P^9V0u:,;m'odel‘uridbr'fcilfiilar 

scounholcs in Thi^- dearly tndib'ates'lhut iheSk^ 

direr , M ^c(d 

aP a ^ baffle ' wall was cons^rViaVoS 

Tlio foliowino • the ^nodel wa’p Pgaiii^ inn, 

• f u< ^ I conditions of flow were eijiaminpd ^ ^ 

•• relrogresld'hy “ftet^' ‘Ija downstream, u^tordovel 

' and. (lomi'B^eLn^*'^*'^ normal water levels ujiBtream 

Uie'watorKMrr!,™* ^nr the' bed 'scour, line ol maximum velocity aiul 
O'.taii.edb, ,j fbo’!"^r ‘‘''® ^ga. lSoJ-131. As tlib\cour 

^cd Welt* j case was not uniform, obntours of tlio hcourod 

9l file sill, iv plotted in the above figures.' As a result 

. .ot tbis model tbe following indications wore dbtained :— 

* 'wvra 111? ,*^^9 ' bilffle *wall tbo condition's of flow 

Petoiidarv ' d’hero was-a jetting’ action at the side and a 

' ll^cbafflo^^p in the centre. This’ action* originated at 


(-) Ibo B i db-' Seoul ^va s ' voiy ’inuch' pronoun c bd , ' * ‘ ' • ' ’ ' * ’ ‘ 
f3i : TP .d. I* .' . ... /.• '. , 


obtainial?^^® on 'the tod, however,' was much le'ss than 

d \\ hen the hdfflo waif Was' absoiit. 


that. 


, ot tlio baffle waU, another 
.1 of the baffle was reduced 


■—-ieeti If ; ■ , o --01 tijo Dame was reuucua 

^ Plniua • The obserN^atibiis’ obtained for these condition* 

't" ‘l:. ® in2-133.- - Frn»van /'xaminalibn of these; figure* 

■■ .'.■'■*■•■-:■■ n -i - - t! ■ j ,'■■ i* ■ !.■ ■ ,'.tof Uiobliffle%rjlJiiJcr».aKd 
'/ ■ ■ ■• .-reduced. .'iU'^Oui- 

,*tudy of -theso ob.,ervah\ius ’ it -can' hit con- luvld Uiat, 
*' ^“1^ Ifioufjh' rcducij 2 ij the 6c*/ '‘iebur, 'cncl^j , O'/ttb*’ j, 






Model mfh the baffle wall one foot high 
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DiPAiPUR CANAL FALL AT B. X>. 217,000 
plain Floor 





tM 3079 on 
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FAIL at R. O. $2500 MAIN BRANCH UPPER 
5HOWHC WAVE LAP BEFORE & AFTER RA 





Fig. 144 

RAUALI RAPID AT R. D. 11,900 MAIN BRANCH LOWER, UPPER BARI DOAB CANAL 



PhotograpK s\\owing tKe conditions of flow 
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The model -was first nm for full supply coaditiuiis ami ohsor- 
vations for scour, t'water-surf a co. profile, position of standing wave and 
wave lap. were inadeV''.A plot of the' observations, is given in j?igs. 
142-143. ; A poor form ol standing wave .occurred on the glacis. 
"Wave lap was observed at the doAvnstreani end of the work and swirls 
formed on. both. sides starting from the downstream end of the pier 
nose. j.o.h.m; ill .(..<■ t.lu ,ii'i . . i i i. 

The crest* of ^h'e'rapid was nexl raided to' B. L. 795 * G6 aspVbpdsbd 
by the Superintending Engineeri Upper Bari'Uoab Canal ' Circle. The 
model was'run' w'ith’ the discharge used before. ' The water level 
upstream obtained in' this ciise was'R. L' 800 ’*20. An exalninatiou 
of the model showed that a well-defined'standing wave formed on the 
sloping glacis., r^Th^,Wa>;e lap was cpnsideraldy, dipiinislipd and the 
swirls were absen^. ..Th^q-vyaye lap is plotted ii^ Eig.^dO. ['After closing 
down the model an msphction of the bed was made. It showed that 
the -bed downstream '’wa^ ^'uniformly jilted. There was no scour 
bole at any point oii tlie bdd.^^' Sidb erbsion was also very little. It' 
may bo concluded from this that the raising of the crest will uotprodUfce 
greater action;atitheJbed arid-no. 'extra protection is required against 
the bed- erosion. 'i Eurthbr experiments to reduce the waVo lap are' 
being devised. 


Sunumry 'and Concluswi — A iupd^l of rajiid at R. I). 12,509 
hahoie Branch has been examined for the full su^iply discharge under 
the existing conditions and after Wising the' crest of the nipid- It 110 .“* 
ej'n ^hb\\^^ that raising of the crest does not produce any , Incre.ised 
action on the bed. There is, therefore, no necessity to conUnict any 
•'uuUional devices for the protection of the bed. 

11— .la invesUgation of a model of Halbali Rapid at R. D. 11,900 Main 
Bratich Lower, Upper Bari Doah Canal 
Chief Engineer, in his letter No. l99G0*S/iOI/1910, d.dt cl 
- tU October 1941, ordered an investigation to be made of a luodt-I 
Uio rapid' to determine methojfls to protect the bed and the siih-' 
^oJiii’jt erosion taking place downstream of the work. 


ir 1 .*^ to horizontal and vertical scales of l/7tli was conslriu*ti-»l 
-lahkpur. The channel for a length of 150 feet ujistre.un and dowii- 
of tho rapid was also represented on the model. The bj’.d of 
ciLiimel above and below the rapid on the model constituted of 
1^' ^aiid of • 3 imn. diameter. Tho sides however w ere mide with a 
^lUuro of .sand and clay. , A length equivalent to 50 feet on tlie 
downstream of tho work was pitched on both side-. \ comj»h to 
thy imiael is given in Rig. Ml. 

Ihinninn the model nndcr the exhtxng eondxiion^ of the wer/.— 
>uiedel firnt mil with a di-di.irge equij.ilent lo tja* ful) -iqqih 
^riu-elunml, i. e., 2,700 cu'-ei^, and with level- It. I-. ' .♦! ui'-tr^am 

•*'1 ’5dovu-tHMm. The eondition- of ilow ubl.nm d on 
• bUie .d)o\y divi'h.iigeaiv illii-tr.tleJ in Fig. Mo* 
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The important indications obtained were : 
(1) , A, standing-wave lornxedat.a 


U) liViSianuing^wavt) -- -- ... , 

the ui.kreani en'd of the crest, i The wave.did netdonn uni or^) 
over the entire width of the r.apid. -Thereiw.is a well dclmed 


over tiie eiuiro wiuwi oi tuu . .. 

standing -wave on the bright side while on 'the 


of ‘20 feet fiom the end tUere was only a forward J- - . 

nopioper standing wave Avas obtained. In this portion j 

moving jet was sometimes washed away and sometimes le • ^ 

(2) Downstream of the pacca bed due to the 

. the fonvard moving jet shooting action , occurred irom 
towards the right side with a large back roller on tlie e 
This is illustrated in Fig. 145. 

(3) A scour occurred on the right side and a shoal formed on 
the left. The scour observations are given in Fig- 146. 


The experiments were repeated, and similar results weie a a n 
i mV. pvnenment nero 


obtained. The indications obtained in the first experiment 
confirmed. 


The model was inspected at this stage by Khan ',] 

Fakhr-uti-Din, Superintending Engineer, Upper Bari Doa ^ 
who after inspection remarked that at the site too the- jet w ^ 
centrated on the right. The model, therefoie, indicated tnu 
•ditions. 


. Raising the crest of tlie rapid — In the next experiment 
the rapid was rai.sed bj’’ 2 feet as pioposed by the blip’ll]” » 
oiiieer. TTiniRr R.iri Rnnli P.nnnk Tlin model with the lai^t. 


of the ] ^ 

Engineer, Upper Bari Doab Canal. The model with - ilowim' 
was run with the conditions of flow tested before, "n® ® 

points yere noted ; — - 

(1) The water level up.stre.im of the crest as recoided on 

model was R. L., 739* 90. , , ' feet 


(*2) The standing wave formed, at a distance 
hoin the upstream end of the crest. The wavo formed un 
along the entire width of the rapid. ( . 

(3) The jetting action downstream of tlie work 
le^s in this ease tliaii ind.lm nrevimis ease. Tlio jet wa.Si n 


in this case, tlian iinthe previous ease, 
unstable. , 

(4) The scour in the bed was uiiifoim and was sliyldb 
than that obtained before. the crest was raised. 


Tests with Staggered Blocks , 

(i) Blocks at the toe of the glacis — In order to reduce 
•do\Mislream it was decided to examiiio the effect of the ^yero 

of the bUiggered blocks. Two row.s of Blocks, 5' X2' and 1 h>SV», full 
constructed at the toe of the glacis and the model was ru» '' 7“ 
supply conditions for a period of 4 Iiours. At the pad .ol 
the bed was surveyed. Plotting of Iho scour is given in 











tv«vd avoa lava a3<i<in -anMOi HDNvaa niviv oob-.i -a -a xv a.ava nvnva 
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< .w tho Iw.glit of tho* blocks was increased 

1^t blotk“ U O^^sorvatious showed that 2 

feet bloeU at tins position gave lois scour and did not iiroduco nnv 
. ratface njjjdes. Tim two feet blocks wero, therefore, lupcrior to 1 
[oot and m all further te.,Ls tliis height was used. ^ 

Ihcbloiks I i//«ofs-.VsauaIteruativoposition, 
SC h, f constructed in two rows on the horizonta 

is"iven in PiCuft ^ the scour observation for tliis arraugoiuent 

° (0 S'" c better results than tliis arrangement. 

* of '"'f 30 Sect dotviisircam of the 

•removed ami fix downstream of the glacis were 

iCCtion ^ at 30 feet do^^mstream of the end of the glacis. 
‘Jbe model ^ v end the end of the glacis was pitched, 

'taken Tt wuf before and all the necessary observations were 

givt gr™ 

blocks were constructed at 2 i>!aces, first just 
! f ® ^ glacis and the second at a point 80 feet 

i ^nd all ^ “^odel was run as before 

' ihixarri*,!!! observations were taken. It was shown that 

I arrangement gave the most satisfactory results. 

rows of blocks, 5' X 2' X 2', should 

I; downstream of the end of the glacis. 

•'! »n do ivn stream of the end of the glacis. 

‘i between the 2 lines of blocks should be grouted with 

^•^biresfmahou of a model of V. R. Bridge at B. D. ‘i0,510, Loioer 
the Design for Becoidiiwjihig the 


1 Engineer in his U. O. No. 2oC2>N, dated the ISfch 

ordered an investigation of a model of tlie proposed 
* iovel upstream of the bridge. It was 

’ •'. ^be Chief Engineer that the tests bo completed by the 1st 

j "^«aber 1941. 

I model of the design shown hi Eig. hl^a was con- 

! the horizontal and vertical scales of 1/7 and o'^aiamod. 

■ placed upstream and downstream of the i/iodol to 

• bed. Two tests wore mad o, one with tiio jdam 

< other with the staggered blocks in ])osition. Obsurvatjons 

jT^ater surface profile, lino of mavimnm velocity and tlio depth 
' ' ^ ^o^vnstream wore m/ide. A plot of llio observatmni mado » 
150. 
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Tests with the plain fioor 

When the model was run with the- plain floor, very heavy aclioa 
took place at the downstream end of the work. The sand at the 
downstream end %7hich was level with the downstream floor at Ihe 
commencement of the run was washed' away in Jess than 15 mmutej 
and the iron bed of the flume was exposed.- This is shown in 
150 and 151. '' , ‘ ' 

Tests ^oith the staggered bJochs in posiiim 

Staggered blocks were constructed at positions shown in Fig. 15-- 
band was again placed in the flume' downstream of the work and the 
model was run with the discharge used in the previous case for 3 
period of houi-s. ^ plot of the observations is given in Fig. 152 
From an examination of this figure, it will be seen that the lined 
mammum velocity is situated well above the floor level. A stoiir 
equivalent to 1 * 2' ocem-red after 32 hours* nm.j The deepet>t point 
of the scour is situated aw'ay from the downstream end. The coiwi- 
tions of flow are illustrated in Fig, 153. - The scour, in this caseb 
negligible as compared with that obtained in the previous case. 

C'o?jcfMsimi-“The design of the inoposed wall without |ht 
staggered blocks is not satisfactory from' the point of vieAy of action 
downstream. However, when staggered blocks are added the desiga 
13 improved considerably. . 

The model in operation -with and without the staggeied 

to the 'Under-Secretary, North, on the 1st of December 


Chief Engineer inspected the model in operation on 
ecember 1941 and altered the original design. Tho new desio 

consisted of the following j . 

. (t) The breast wall to be constructed at It. L. 099*3 and n® 
1 ning to bo kept in this w'all at Jhe bottom. 

(2) A bafilo wall with top E- L. 095*4 to bo constructed aboa 


wiun lOp It. Li. 

lo feet downstream of the breast wall. 

floor downstream of the breast -wall up to 
wall to be raised to R. L. 093*4.' 


fho bafllc 

e-e.*rauiiar‘d 


..vvwi I.V. A\. jj. oyo a.' 

after ordered that the model should be ic-t— 7. 

alteratin*^a^”? alterations in the design. ,Af er U * 

obBcrvation«^'f^^*^ oamed out tho model was re-exauinied. , 
tho dentil n? surface profile, lino of maxiuiiun -‘di 

in FiLr^ilt ^ ^ of these obsmvatioiis JS g ' 

*1.^ .* From an examination of this figure it will bo . 

naximum velocity is deflected towards tho lop ‘y. 


the linn of’ an examination of this fi„ , 

b^lo wan velocity is deflected towards tho top 

vervwavv* ''’ater surface dowustream of the baflle 

Of^Q work. equivalent to 3*8 feet deep occurred dowustrcaifl 




V.R. BRIDGE AT R.D. 40^10 (LOWER JHELUM CANAL) 
Plain Floor 








r/0. /54 

r. MfOGK AT P.O.AOSIO t, J. C. (MAIN LWt) 
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tu convert a f 

T^ TvaH aad lie l«*ae vvallV Tie vesS tr 0)<>tNv<V« 

doslest are simni m He. 1, v-i 'V "V«V''»''>«\toV 

difilurans of lie iaaei-cUl avc'ir ^ - ivT^” ^?''' 

nmteraaonr dovnrata^ rf Tl 1 *» 

-rafrestared at its original posiliow, ' ™ ^W'fxJ^ivS 

L aQS'4 m K>illo wall nus also to U 

loirs oi £ta:;-erea blockrJ'^^ ''' iulvllh\m> tliKS^ 

in conjunction witli* the iT 

^ ^eptli of scour \v ‘ \ h1 ' 1 v 

fsifaxo Jo\ni?tream orthr nil l1u‘ wul^'l' 

^^l.irgxectS\r^ "!.l ‘ ‘*« 

irallTrasilinhtIvdI-m<-'>'l i I No tUv^nU of tlm ImDliJ 

^01 foot, wa- IhUHl . m J i'.HH\nlj'iU 

f^ctoiT result^? T?..! ''*”*’** •^''' *'**‘'^< 

plan is shown iii l.'i,T <’■ ll'<’ hlnclut ^ii NCt'HtMi Mini ili 

Th ri’fr • 

tJeSthdTay 1041 No. HOIJ U. N./T/IDJ/OD, ihltMil 

*JieIaboraton^'fl„i' o.\l)i'rmicnli) nlioiijd (in mmijImiI DiJIj Jli 

j;*^-Haigh%?o>^ , A; iioi.u(a((ul 4(li Jlfnivli J(4J hv Ml 

giueer. Hubjoct \va« uNo n-unlvcd fiojji ijio CblMf JfJij- 

''1“irem»tSownL:Sr!'ji "' "'" 

fliuae. A cufriod out in liu' iJ'/i /out u^tL-iti 
'A - ^ 20 foot of tbo/iu)//o wm UKful toi ibo//|udoi. 

to (tful ol 4/o 

^^thatitf-nnoi f ^* ;* ”tan(]///^j mwo Tl/o vod/ WU‘< Ouolo o/oj'OuWtf 
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fisa t Hldl(‘-^4 i/('i( vjhiltUlH Oil hfti 

c ff,f^ liti/iih v,‘iN (’tlfhliiiihfi! ^{ff 
(lt(fp^,H\ iidO fhf> ^ IfdfdOi^ wiiefO 

j'fyiHi *,. jj j . j 4^ .. . 1. . i i 


3^CT0; 
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(if{f^fp(.(i tOfO ff(f> ^ (rfhilJH^ w/y :f‘J 

h f^^'d //' jiti ' ( nHfilf H fh/f fi / 

^ outiaiiv Mj'ndihOit< t('pH>^t>iiiUiti h iiiod fd/iOHid ///:• 
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. A pMusal of the above table shows that results-witb.lO pel tent 
©xtractoi ratio requite le-examinatioh. Tbeio are several wmes 
o£ error for instance water becoming diity due to the woiking ot ctncj 
Humes and fungus growth on sand due to long running. Ihe errors 
have, been comiiletely eliminated by taking nccessaiy precautions. , . 

D — Seepage and Eegeneration Experiments 
Attempts were made to study by means of models the ioros 
of seepage flow from a canal and their effects on river supplies? 
methods were employed lor this* investigation : 

(1) The capillary tank method ; and 

(2) the sand tank method. !.!',! • • • 

111 the capillaiy tank mttbod;‘;the flow took -place 

two glass plates separated by a distance ot '2 mm. ' , j 

made in the back plate. The lines ot flo'\V were traced b} m 
copying pencil points into the Avater at selected places, 
method clear and v ell-defined lines w’ere obtained. : ' • d 

The sand tank method consisted of tracing the floyv.lmcs 
by lining potassium chromate and silver nitrate, the 
made in white sand. Ey this method permanent lines or no' 

be obtained. The followiiig different studies were made . . 

(1) Seepage from a canal above a' horizontal water-tab e- 

(2) Eegeneration of water in a' canal from a horizonta 5 

table. ■ ' " ! . ' ■ ‘ ‘ ‘ ( 

(3) Eegeneration of water in a' canal from a horizontal wa 
table when clay stratum occurs in the sandy sub-soil. 

(4) Seepage from a canal above an oblique w^ater-tab e. 

(o) Eegeneration of "water in a canal from an oblique ua 

table. 

(G) Eegeneration ot water in a river from the sub-fcoil va 
table alone. ' |, , ,, , ui-i ■ ‘ , .j 

(7) Eegeneration of * water in ai liver>‘from'a 'canal 
at a higher level than the river bod. : ,, 1 * m' ‘in/' * • ■ 

Brief notes on each study are given below : — | 

Study No. 1 — Seepage froyn a canal above 'a 
iahJe — ^This study w'as a simple case of flow’ from the canal 1 . . 
subsoil. The subsoil water-table under the canal was man ‘ 
.horizontal. The lines of flow obtained under these conditions m 

experiment are illustrated in Fig. 158. It will be been 

^ 


examination of this figure that the lines of flow are sy 
central lino is at light angles to the line of the subson 
Clo.-» to the bottom of the tank this line becomes diffused. 
the hues of flow as obtained by tlie sand tank mellipd ?re - 
The lines of flow obtained in this case aio exactly similar to _ 
obtained by tho c.ipillary tank iiiotliod. ' 


shown* 

' SO' 
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SEEPAGE AND REGENERATION EXPERIMENTS 
Study No. 1 

Seepage from the canal into a horizontal water-table 



SEEPAGE AND REGENERATION EXPERIMENTS 
Study No. 1 (contd.) 

Seepage from the canal into a horizontal water-table 





SEEPAGE AND REGENERATION EXPERIMENTS^^ 
. ^ Study No. 2 

eseneratioD into the canal from a horizontal water-table 



Water wA"' I*™. ‘“'‘• 

W ""'I" ‘'■'risl't chamber 90700 

■• s^-azo 

12*87 cc, per second 


\ 
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SEEPAGE AND REGENERATION EXPERIMENTS 
Study No. 2 

Regeneration into the canal from a horizontal water-tahlfe 



Lines of flow as obtained in a capillary lank. 
Water-level in the right chamber 90’700 

Water-level in the left Chamber .. 90*675 ' 

Water-level in the canal , . 86*620 

Discharge _ ^ 12'87 cc. per second 





SEEPAGE AND REGENERATION EXPERIMENTS 
Study No. 2 (contd.) 

Regeneration into the canal from a horizontal water-table 



l.ines of Bow as obtained in a sand tank 








Iha. IGl-B 



After two hours 

Lines of Bow as obtained in a sand tank 






SEEPAGE AND REGENERATION EXPERIMENT 
Study No. 2 (contd.^ 

Regeneration into the canal from a horizontal water-table 
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After 'G 'hours 

Lines ot'flow as obtained in a sand tank 




SEEPAGE AND REGENERATION EXPERIMENTS 
Study No, 3 

Regeneration into the canal from a horizontal water-table in the presence of a clay 
strata in the sandy sub-soil 



of flow 
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SEEPAGE AND REGENERATION EXPERIMENTS SEEPAGE AND REGENERATION EXPERIMENTS 

Study No. 4 Study No. 4 (contd.) 

Sccnairc from the canal into an oblique water-table Seepage from the canal into an oblique water-table 




■>' 'lo''- in Studv Xo. 1 wore 

CfuVo ">'« ■’'■•"ly lllONllnO.13 

level wvi tlio ^'*^41 fw***”^^ hludy, and liio .snlsdl \\ator- 

•of flow liv Vi"'* '"l"" "* I’''"''""” TIlU lillCJ 

tu ‘‘V'' ‘''“‘’‘"‘I »>•« Hin.wn ill Fiy. ](J0. Kg. JGl 

variou, Vi"""' '"/'V "V"”"''' .J" '«!■» ''■« 

Prnin a« do\ eloimiont of llio lijitM of flow aro illu.strated. 

’^0 of 

Studv Vrk 1 *!• stnd}* aro oxaotly sijwilar to tliorJo obtained in 

ditecHan * ^“^0*'’ ^*ow obtiiined aro in tho revolve 

l)Iiot(yor<\tsli "0 is indicated by tlio arrows uiarlced on tho 

-are:-^ *^ ^ miportant indications obtained from this study 


water hi tlie canal can fake iilace from a 
considerable deptli in tlio Bubeoil ; 


* W(vr o?^ velocity of flow tiikiiig place from deeper strata is 
‘o^er than that from strata near ground surface. 

reversible c>f seepage flow and regeneration are completely 


^ter^inhl^^ of water in a canal from a horizontal 

■of than ^ stratum occurs in the sand subsoil — The eflect 

lines nf stratum in the otherwise sandy subsoil on tlio 

No.o ^ determined in this study. In the model of Study 

XheTitifl^ » introduced at the position shown in Pig. 102. 
•above fi ^ traced as before and aro illustrated in the 

gure. Prom an examination of this figuie it will be seen that— 

effect stratum in this position produces only a IomI 

tJi«fl* lutes of flow close to the clay layer are distorted while 
ew lines farther UAvay are not affected ; 

^.1 presence of the clay strata causes an increase in the 

velocity of flow close to it. 


tohl -^Seepage from a canal above an obligue tcaier^ 

jij j'*'. “tis study the effect of an oblique water-table (Instead of 
1 ^, '\®^*^outal) on tlm lines of seepage flow from the canal was deter- 
fir ( Three experiments were carried out in this case. 
r * .f-’^l^^^^ient the slope in the water-table was very smafl. iJ 
th ,7 ?f Oiis in hlioMii ill Kg. J«fl. It ''ill Iw sewi from 1)11.1 figu 
2."«h .1 Migl.t tilt in tli« iVter-liililo, Hi? •"1 

of the eaiiiil go to\^ ards tlio lower side, 

experiment the “ 

;Wy increased. Tim effect is hliown in Iff}. bo fcoull 

“Om this figure that tim fl<»w from 0/7th portion of the canal movw 
tho lower side. 


Tho 
figure 
“7th 



In tlie third experiment the slope was still further increased 
and the resnlt of this is\ 3 hown in Fig.d65. 

flow fiom the canal went tpwards the lowtr side of the water-table. 

An important indication obtained from this 
seepage from the canal is very sensitive to the obliquity of the . • . 

table. 

In the last experiment the,' seepage flow ihto "'“‘“r 

table was traced. But tbp lines offlow in the 
shown. This was now done, Jn order to obtam q cle 
between the two sources of water, the lines of flow the su 
tho seepage lines were traced with different colours. ^ g. 
trates tL lines of flpw obtained. , The indications obtained from this 

kudy were : — ’ i li 

(a) the lines of subsoil , flow , were depressed considerably 

by the seepage lines from the canal ; t .• 

(b) the junction of the seepage and the ^ ^ 

sharp. No area of dead water or diffused flow exists at the ju 

study No. 5 -Regeneration 0 ^ water in a canal /««' 
Mio(er-(aWe— The conditions of flow of the last study we ( j 

in this case. The lines of flow obtained in this case “e iHnstrahi 
in Figs. 167 and 107-A. It will be seen from this figlire ‘hat the flo 
in this case is exactly the reverse of that obtained in i‘ig. loo- 

Study No. Z— Regeneration oj a river from [tlie subsoil iw<«r' 
(aWc-ln this study, the effects, pf subsoil flow on river ,«generatioi . 
were examined. The model, with the flow Imes traced, is shown 
in Fig. 168. It will bo seen from , this figuie that a portion ot tiie 
spbsoil flow enters tho river bed. , . 

Study No. 'J—Regeneration'of water' in a river Jrom « ^ 
situated at a higher level than the 'river bed — In this study a mo ‘ 
canal, a river and an oblique water'-tablo, was exannneu. 
the moat complicated case of ground water flow, .iho cant * 
situated at a higher level than the river and the sub-son ^yater. 
slope in the water-table waa maintained towards the i 

lines of flow in the subsoil as well as the seepage lines from tn 
wore traced and are shown in T'ig. 169. ' The,' important indica 
obtained from this study are : — ' * ' 

(a) tbo subsoil flow lines are depressed considerablj e 
the canal ; 

(b) almost tho whole of tho seepage from the, canal appoJ'>^^ 

as regeneration in tho river. , . • ' ’ 

E— Expehiments ok outlets 

.In order to oxaniino in detail tho different types of !y 

use in tho Punjab and to evolve d most satisiactory type, a sopa 
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SEEPAGE AND REGENERATION EXPERIMENTS 
Study No. 4 (contd.) 

Seepage from a canal into an oblique water-table 
The Slope in the water-table is steeper than in experiment 2 



Lines of flow as obtained in a capillary tank 
Water-level in the left chamber . . 86*895 
Water-level in the right chamber 81 995 
Water-level in the canal •• , 

Discharge .. .. •• 14-10 cc. per .ccend 





SEEPAGE AND REGENERATION EXPERIMENTS 
Study No. 5 

Seepage from the canal into an oblique water-table 







SEEPAGE AND REGENERATION EXPERIMENTS 
Study No. 6 

Regeneration into the canal from an oblique water-table 
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SEEPAG AND REGENERATION EXPERIMENTS 
Study No, 7 






OUTLET EXPERIMENTS AT JOYANWALA 




OUTLET EXPERIMENTS AT JOYANWALA 



A View of the diversion valve 


■17, * 


I , 


Besearcb Station was QS^nl))i^heLl last year at Joyauwala at B. D- 
2*21,000 Main Line Lo^\ur, Upper Chenab CtJiial. At thiy place there 
is a ten feel fall in the canal and theieforo plenty of head -syas available 
for the experiments! Jt Avas decided to construct an independent 
channel for the experiments. For this purpose an area of 6 acres 
was acquired on the right side of Chichoki-Malian .pistributar}’ and 
the following works wero const meted : — > ' ■ 

.(i) Head Regulator. , . . < 

(2) Crossing over Chichoki-^Ialian Distributary. 

* (3) Experimental Channel, r. . , 

(4)' The Calibration Tanks and tlie Escape Channel. 

(o) Svphon under Chichoki-Malian Distributary and 
f Outfall. 

1.' Head Beguldfor — The bead regulator was constructed in 
the existing gauge well on the upstream of the fall on the right side. 
‘^S'de'was fitted to regiilate the suppl}' into the channel. A four 
ket (liahieter Hume-Pipe was uSed for the regulator. The maxiinuin 
discharge capacit} of the regulator was about 100 cusecs. 

. 2. Civssuig 'oy^^r ChichoM-Malian DistrihiUarij— As Chichoki- 
■hlian Distributary was between tlie Head Regulator and the station 
the experimental chahnel had to be carried over 'the distributary , 
this purpose a Hiime-Pipo crossing was constructed over the uis- 
Inhutarj:. .The pipes.rested on iron trestles which in turn wero sup- 
I^rted on drum foundations. 


, . 3, Experimental Channel^The Experimental Channel is 

m length. The bed width of the channel is 13-5 and the fuJl 
^Pply depth is 2 -35 feet. : i The outlets were constmeted in the central 
portion of the channel. At the end of the experimental channel a 
fall wws provided to discharge the water of the expormi 
* ‘ounel into the escape channel. 


4- The Calihralion Tanhs and the Escape 
'“•'ratioQtanks, oacb 25' X 25' X 3 ', "ero constructed on 1 
4 * ^ fho experimental channel at a central distance ^ 

^^was provided with an inlet tluino and a slui v' 1-5 X 3' 
j-^^rement of water level in'the tanks a 

a pointer gauge reading up ..^^ament was filHnl 

lu the inlet flume a Tim escape ch.uiu 

tj .connected the water-ooiirso to the tan jj^charged into tho 

channel through tho sluice vul'^ ‘J; tfij diui.. 

the escape dianneh "‘V-Vl d 172. 

‘'‘"gcmeiit is shown in 1 ^ * 
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5. ^^phoii under Chichoki-Maliaii ' DistnhutariJ ' und Ouijall-:-, 
The escape channel Avas' carried’ under the Chichoki-Mahan Distnhuisuj 
through a Hnme-Pipe syphoh;"' The water in 'the escape chanuel 
dipoharg'ed’ into the canal and an outfall was cohstiuHed' at ’ that 
point. ' , ' , > 

The Programme of Work — The experiments weie- fiist carried 
out on Crump’s Adjustable Proportionate Module for tl'c co-efficieiit 
of discharge and the submergence limits: ' Before ‘ carrying out the 
actual tests it. was decided to determine- the minimum distance.^ at 
which the presence of one outlet did not influence the other. For 
this test three similar outlets were constructed on the expermieiital 
chanuel. It w'as found that" when .the outlets were placed. 50 feet 
apart, the presence of one outlet did, not influence the other. In all 
further tests therefore three outlets were examined simultaneGusIy. 
On each outlet a trolly fitted with straight edges as shoSvn in Fig. 
was constructed for making accurate measurements. A gauge well 
was also fitted about five feet upstream of each outlet for uiea&uring 
the water-level in the experimental channel. The following A. P. 31^. 
were examined for the co-efficient i of dischaige and Submergence 
limits : — . . . j 

A. P. Ms. with B = -2’, *25', -32’, *4', ;5', *63', *80' and V. 
Special forms were prepared for recording the daily observations 
taken on the outlets. A specimen is given below. 

The data obtained ' were calculated *and plotted. A sample 
of the Results is given in Tables XIII and XIV, and also plotted in Figs: 
174 — 79. A detailed report on the observations uiad^ tor this portion 
ie under preparation for submission to the Chief Engineer separately. 


OUTLET EXPERIMENT {BL\NK .FORM) ' 


Ser»c» 



B. M. Reading - 



8cttujg "t- 


^Vate^ Surlaco Lerel 

I 

=. 

Djtcluu-ga of pAient channel— 


Ditto 

II 


W'idth of oriilco 


Ditto 

-lU 


StU ItAoUing 


Ditto ' 

, IV 


Top Reading 





Heicht of onGce. Y 

=» 

+ Depth of water o\er Crest, II 




B. Id. Reading 





Crest Reading 





Water .Surface Lese) 

I 




^ Ditto* 

11 




Ditto 

ni 

*=> 

, 


Ditto 

IV 




Ditto 

V 




Ditto 


Ba 

l>Jt« of w WrratioQ 


M. Id. Wording head, h« 





Outlet fitted with trolly arransrement 



OUTLET EXPERIMENTS AT JOYANWALA 
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o. ^ijphoti tinder Chickoki-Malian Distributary and Ouijall'^, 
'■The escape obahnehvas' carried under the Cbichoki-Maiian Distributary' 
‘ through a Hume-Pipe syphonl.,"* The, "water in' the escape channel 
• discharged' into the canal and aii' outfairu'as constructed' at' that 
point. ' ' I , ' 1 

The Programme of IPorZ:— The experiments were- fust ’ carried 
out on Crump’s Adjustable Proportionate ]\fodule for the co-efficieiit 
of discharge and the submergence limits: ‘ Before " carrj’iug out the 
actual tests it was decided to deteimino ■ the ininhnnin distances at 
which the presence of one outlet did not influence the oth^r. Por 
this test three similar outlets were' constructed on the experimental 
channel. It was found that when ,the outlets were placed >50 leet 
apait, the presence ot one outlet did not influence the other. In all 
further tests therefore three outlets were examined simultaneously. 

' On each outlet a trolly fitted with straight edges as shown in Fig. 173 
was constructed for making accurate measurements.* A gauge well 
was also fitted about five feet upstream of each outlet for measuring 
the water-level in the experimental channel. The following A. P. Hs. 
were examined for the co-efficient t of discharge aiid', submergence 
limits ;• — ' . 

A. P. Ms. with B = '2', '25', -32', -4', *5', '63', -80' and 1'. 
Special forms were prepared for recording the daily observations 
taken on the outlets. A specimen is given below. 

The data obtained ^vere calculated *and ' plotted. A sample 
of the results is given in Tables XIII and XIV, and also plotted in Figs, 
174- — 79. A detailed report on the observations 'madd tor tins portion 
is under jireparation tor hubinisriou to tbe Chief Engineer sejiarately. 


OUTLET EXPERIMENT (BL\NK FORM) ‘ 


SeriM^ 

Setting at ~_ 

Diaehargo of parent channel- 
Width of orifico 
Sill Il«a<liQg 
Top Iteadlng 
Meight of onfice. Y 


muofuUerT&lioo 


B. M. Reading * *= 

Water Surface Level I • — 

Ditto II ~ 

Ditto JIl ■ « 

' Ditto' ■ IV == 

•Me. in - <=■ 

Depth of water over Crest, H «= 

B. il. Reading > '= 

C’rest Reading ** 

Water Surface I.ev el I =* 

Ditto' .II =* 

Ditto III 

Ditto IV « 

Ditto V =* 

. Ditto Critical » 

M, il. WorLing head, bnt *” 




OUTLET EXPERIMENTS AT JOYANWALA 











f'/G . ne 


/tCLATtOM BCTIVSCN "/i AND "c" FDD VCNYINQ VALU£S V 
gm ho6 

•CrrlNO ATBCO LiVAL 





lu’tu 









U:ttu Final ; 
Difference; 
Vohme of watrr V 
"fun# in seconds, t > 

Ducharge of outlet q« — = 
t 

Hepression Head hi=H Y ■ 

Co-officient f» — ^ ^ 

BY-/ — 

®-B,fUiadiag 

SiU wading of shari^,dg«i 
■weir ■ 

^*Ur Surface level I 

Ditto n , 

Ditto m , 

Ditto IV , 

^“Sarfato level 
^Ptliof nater over Sill, hw 
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TABLE I 

Model of Kalabagh Wcir 

COMPARISON OP water SURFACK LEVELS ON THE MODEL AND ON THU 
PROTOTYPE WITH A DISCHARGE OF 31,308 CUSKCS IN THE RIVER. 

Right Creek 
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TABLE II 


Model of Kalabag/i Weir 

COMPARISON or WATER SURFACE LEVERS ON THE JrODEL AND ON THE 
. PROTOTYPE WITH A DISCHARGE OF 31, SOS CUSECS IN THE RIVER. 
Centre Cree: 


Seduced distanco along 
the bela with U/S end 
as 0 


Water surface levels 
observed on the 
prototype 


Water surface levels 
observed on the 
model 


R. L. 


R. L. 


0 

500 

1,000 

1.000 

2.000 

2.500 

3.000 

3.500 

4.000 

4.500 

5.000 

5.500 
0,000 
0,500 

7.000 

7.500 

8.000 

8.500 
9,000 

9.500 

10,000 

10.500 

11,000 

11.500 

12,000 

12.500 
13,000 

13.500 


685 -26 
85 OG 
85 -06 
84 -94 
84 -34 
84 -09 
81 -67 
79 -60 
78 -76 
78 -50 
78 -49 
78*45 
78*26 
77 *31 
77 *04 
76 *95 
76 *75 
76 *55 
76 *39 
76 *39 
76 *27 
76*03 
75*22 
75*79 
75*62 
75 *24 
75*20 
74*74 


685 *60 
85 *00 
84*90 
81*40 

84*10 
83 *80 
83 *50 
82 *90 
82 *15 
79 -75 
79 *00 
73-20 
77 *50 
77 *35 
77 -35 
77 *85 
76 *70 
76 *35 
76 *05 
75 *95 
75*95 
75*85 
75 *85 
75*55 
75*85 
74*50 
74*50 
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TABLE 

Experiments on 
GAUGES AT DIFFEEEKT 
Dischargt 


Tum 

Kahbagh 

Bailway 

Bndge 

Kanab 

Bund 

U/S of 
i'lrst 

Blind 

D/S of 
First < 
Diversion 
Blind 

U/S of 
2nd 
‘ Bund 

1 

2 

3 

4 

5 

G 


K. L. 

R, E 

R, L. 

R. L. 

R. L 

12-20 

686 '0 

bSG 4 

086-43 

685-50 

684*18 


80 0 

86-5 

86-53 

S6-36 

84*07 


86-6 

80 0 

SO -53 

85-07 

84*29 


8C 0 

86 S 

SO- 53 

85-07 

84*29 


86-0 

SO 0 

SO 53 


84-18 


86 a 

86-(i 

80 64 

‘ 85 56 

84 29 


86-6 

sc-r> 

86-53 

85-67 

84-29 

^ i5 

86 (> 

86-58 

86-53 


84-29 


86-8 

80 8 

86- 76 

84-61 

84-54 


80 65 

80-0 

86-68 

84-30 

S4-39 


80-63 

80-6 

SO- 68 

t 84-29 

84-39 


86 8 

80-5 

88*74 

84-29 

84-6 


86 8 

86-7 

80*74 

' 84 29 

84-61 


80 ij 

SC- 7 

80-74 

1 84*29 

84-61 

llR 

86 S 

80-7 

86-74 

1 84-29 

84*61 

4* Jo 

87 2 

87-2 

87-28 

86*58 

85*25 


87 2 

87*2 

87-28 

1 86*86 

S5-25 

^•nn 

87 2 

87-2 

87*28 

80*86 

85*t5 

o*00 

87*2 

87-2 

87*28 

86*86 

85*25 

" ijJ 

87-0 

87 7 

87-61 

' 87*39 

85*08 

^ Jr 

87 0 

87- 7 

87-61 

87-39 

85*67 

0 ^ 

87 0 

87 7 

87-01 

87*39 

85*57 

a 13 

87-0 

87-7 

87*61 

87*28 

85-57 

0 50 

88*0 

87-9 

SS*1 

( 87*71 

60*00 

0*45 

88 2 

SS-2 

83-25 

87*82 

86-00 

0*M 

88*2 

88 J 

88-26 

‘ 87*82 

85*99 

Z 

88-2 

88-3 

88*25 

' 87*82 

85*99 

<*wU 

88 2 

«S3-3 

83-25 

1 87*82 

85*99 

7 45 

88-2 

88-3 

88-26 

87*82 

85*99 

5> 00 

88 2 

88 3 

88-35 

' 87*02 

83*99 

0-3O 

88-2 

S3-4 

88-25 

1 87*03 

86*31 

S* 4C 

88-2 

88 4 

88-47 

. 87*93 

80*31 

0 00 

88-0 

88 4 

S8-17 

87*03 

86*31 

0 15 

88 7 

88-0 

88 57 

' 88*23 

86*80 

*1 >0 

83 8 

88 0 

89-42 

i 88* 16 

86*06 , 

10* lA 

80 0 

88-8 

88 89 

, 88*57 

88*05 

10 u4* 1 

83- 0 

89 a 

89-0 

' 88*57 

87*50 

1 ! ***9 

83 7 

89-0 

89-0 

1 88-67 

87*50 1 

11*1- 1 

00-2 

90- 4 

DO* 3D 

, 00*28 

90*26 


W* 1 

9(J 0 

l»0-6l 

00*71 

90*6 ! 

1 

tN).0 

90 8 

JH)-71 

•90*6 

00*6 1 
i 
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TABLE 
Experiments on 
GAUGES AT DIFFEEENT 


Dmhargt 
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TABLE IV 

Model of Kalabagb Weir 

EXPERIMEKTS ON EIVER DIVlIBSION 





Tuce of obs«xy.itioii 

Bight 

Centre 

Buuass 

12' 16 

■ 

■ 

Before diversion. 

12'« „ 

■ 

1 

Bight creek partially closed. 

S'O „ 

1-S3 

1 

Bight creek further closed. 

60 „ 

0-52 

1 

Ditto ditto. 

6*45 „ 

0*35 

1 

Ditto ditto. 

night creek completely closed *t 0-16 
p. m. 







uifrd JO 


55 
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90*71 90*7 8S<04 OO'C 90*6 83*08 89*28 90 07 



T'AXJl-i: VJ — foijoiuclod. 
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TABLE VII 


Bivei diEcbargea above Salelmanbe 
Headworks 

Gauge at the nose of the earthei 
bund - 

1 

2 

Cusecs 

Jl. L. 

1.000 

571-5 

2.000 

572-1 

3.000 

572 -G 

5,000 

573 -3 

7.000 

573 -T 

9.500 

574*1 

10.000 

574 -3 

3,000 

! 572 -6 

5,000 

573 -3 

8,500 

574 *1 

10,000 

574 -3 

13,500 

575 ‘G 

15,500 

575-8 

8,500 

571-2 

20,000 

575 -5 

30,000 

577 -3 

50/KlO 

578 -5 

00,000 

578-8 

75,000 

570-0 

100,000 

570 *5 

75,000 

570*1 

100,000 

570 -6 

123,000 

.580 *3 

150,000 

5b0*8 

200,000 

581 -0 
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TABLE Vm 


Hirer diEchargea above Soleimanke 
Headwords 

Surface velocities 

Cusecs 

Feet 

1 

10,000 

0-95 

•20,000 

1 7 -GO 

30,000 

7-90 

50,000 

8-30 

GO, 000 

8 -JO 

75,000 

8-50 

100,000 i 

8 -SO 

75,000 

8-20 

100,000 

8-00 

125,000 

8-95 

160,000 

S-50 

200,000 

8-00 
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TABLE XI 

Model of the river Panjnad below Panjnad Head works 

T\\ 0 SP UliS at 7, .iOO' BELOW Elll 


Discharge 

Lefi 

j RTouT 

U,S of 

D/ri of 

Diircrcnco , 

U/Sof 

Bhank 

DfS of 
Bhank 

'Differer 

Ouncs 

feet 

I'ect 

X\ci 

I’eet 

J'eet 

Feet 


1 n'.io 

1 n>7 

072 

1 094 ' 

1 024 

V57 




•4-1 



•4'0 

OI.IC'J 

l 057 

1 028 

050 

1 ost 

] 013 

01 
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♦J 5 


1 007 

1 017 

OfiO 

1 003 

' I 055 
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1-112 

1 076 
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TABLE XII 

MadUopur pocket model 

SILT TCST WlTil DIVIDB WAU AT PIER No, 4 
riEU DlSCHAUUi: « 1 4.^-0 CUfcFCS, canal TULL SUPPLY. 



Silt in’ Bays op Regulator 

Xumber of ba\ s 



. 

With divifle wall 

Divide wall removed 

i 

■0025 

m 

3 

-17 

■007 

3 

■20 

•003 

4 

■25 

■00 

1 

■29 

•04 

6 1 

•25 

■05 

! 

7 

•42 

-08 

8 

•54 

•22 

9 

•12 

•25 

1 

10 

■34 

•35 

11 

.30 

' -50 

12 ' 

•34 

■75 
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Still pond in the area 
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v\aU. 
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Experiments on A. P. M. 
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0 00 
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7 01 
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0 00 
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6 9 
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0 660 

7 00 
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} -449 
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0 
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0 
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1 6-88 
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6 9 


r = 0 170 


10 

0-821 

0 276 

6 05 

6-93 

0 81 

6-86 




11 

1-013 

0 366 

7 00 

0-90 

6 -69 





12 

1-£01 

0 540 

0 06 

6-94 






13 

1 362 

0 615 

7 03 

7 02 

7 01 





14 

1-5S9 

0 620 

il 02 

7 00 

a 83 

6-95 




15 

1 810 

1 005 

0 no 

6 90 

6 90 





16 

1 -OSS 

1 135 

0 04 

6 50 

6 06 





17 

2 183 

1 -275 

7 00 

0 90 

6 98 

6 69 

0-87 



18 

2 415 

1 505 

0 01 

C 90 

0 08 









y o 0*106 

l« 

0 846 ( 

0 215 

7 05 

7-02 

7-19 

7-14 




20 

0 9.'.2 

1 0 310 

7-11 

7-11 

7 11 

7-13 




21 

1 188 

‘ 0 4G0 

7-13 

7-17 

7*16 

7-20 




22 

1 383 

0 COO 

7 1? 

7-19 

7 12 





23 

1 -598 

0-760 

7-00 

7-00 

7-08 





24 

1-786 

0-000 

7-09 

7-07 

7-07 





25 

l'9C3 

I 0«0 

7-08 

7-07 

7-09 

7-08 

7*12 



29 

2-199 

1-225 

7-12 

7-11 

7-08 

7-16 
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7 0 
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7-26 ' 

7-20 

7*24 




31 
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7-36 



*• 

35 

2-396 
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7-28 

7-26 

7-24 






y =0-300 


- 7 ' 3 i 
7-41 
7-35 
'' 7-30 
"7 3* 
7-28 
7*28 
7-32 
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36 

0-781 

0-150 

7-24 

7 -26 

7-24 

7-23 




37 

0 997 

0-230 

7-27 

7-30 

7-29 

7-35 




3$ 

1-191 

0-350 

7-36 

7-40 

7-37 



, '• 


33 

1-392 

0-480 

7-34 

7-37 

7-37 





10 

1-575 

0-576 

7*28 

7-27 

7-27 

7-26 

1 


•* 


11 

1-781 

0-747 

7-35 

7-38 

7-32 

7-33 ! 
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1 951 1 

0-840 

7-33 

7-33 ' 

7-31 

7-30 




13 

2 181 

1 040 

7-33 

7-37 i 

7 33 

7*36 

.. ! 



11 

2-376 

1-190 

7-34 

7-34 

7-35 






7-24 

7-24 

7-38 
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7-27 
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7-35 
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1 022 

•215 

7 31 

7-32 

7 29 
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7-34 

7-37 
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1-375 

•405 

7-40 
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7-37 
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0-655 

7-27 
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7-29 
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1*837 

0-685 

7-25 

7 20 

7-23 
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1 936 
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7*26 
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Physics Section. 

Movement of Wutcr'Uvd in Pijjcs atul 'its Relation to Wat€,r~ 
tahle — It was repoited hvit year that experiments were in 2)rogress to 
study tho efTcct of evaporation and drainage on subsoil water-level. 
The^o experiments wore fmtlier developed in the laboratory, 

■ An expcii mental tube A, closed at tho bottom, cm long and 
8 cm ill diameter, was iitted with a number of side tubes Sj, S™, 

S4 and S5, Tlieso are shown in Pig. 180. The tube is packed with 
the sand to be investigated under water. Great care in packing is 
essential to obtain consistent results. Water free from air bubbles 
aud from suspended matter, is allowed to flow down tho sand column 
continuousl3* for about three weeks fo complete tho settling. Tho 
picssure gradient as given by tho pressurei pipes S^, S2 and S3 indicates 
Ihe uniformity of packing along the length of the tube. The value 
of the transmission constant is determined at intervals and when it 
becomes constant shows that the sand column has been stabilised- 
The inflow of water is then stopped. Sj, So, S3 and S4 are closed 
while S5, which connects the main tube with the glass tube kJ, is ci^ned. 
The level of the water in M now rises to tho level of tht fiee water in A- 
Evaporation is allowed to take place from the sand sm-faco under 
atmospheric conditicns. So long as theio is any free water present 
above the sand surface, tho level cf water in falls verj’ slowly remain- 
ing the same as tliat in A, hut as soon as the water level in tho pipe 
touches the sand surface the level m if begins to fall verj’ rapidly-. 
The level in if corresponding tc tho commencement of tho rapid rate 
of fall is taken as the zero datum lev el. 

In tho first ‘.et of experiments three specimens : coarse, fine and 
v'ery fine, of sand were used. Tho experimental cylinder was packed 
with each specimen in turn and the readings of tho sido tubes were 
observed, when e\ aporatiou was taking place from the surfivco of the 
sand, the sand bang initially saturated. 

Tlie results are sliown in Fig. 181. Eofemng to Fig. 181, it 
will he seen that (here are four curves in it, viz., a, 6, c and d. The 
curve a represents the mte of o\a|)oralion from tho surface of water. 
Curve ii shows the rate of deprossion of watct'Ievel in tlio pipe with 
rcsjKct to time, U r very* coarse sand. There is an initial rapid fall 
of .ibout 5 cm and subsequently the rato of fall becomes very slow. 
Tho sand paiticles in this cxperimtnt were b«. tween 2*5 mni and 
8 nun. 

Cur\ 0 c shows ihe rato of depression of water- level in tho PT>o 
for fine sand .vs imlicvtcd by tho lewd in k!. In this thu rapid 
initial till continues up to about 10 cm and "uhitujucntlv the rato 
becomes very >low. The curve is \omjK)-ed of time dUilnct jvitts, 
AH, BO and CD. The fall along AB is very '.ti'Cp hut the rate of fall 
dwrea's.'s in the rv*gion BC. Frvun C to D the curve la«comts almost 
usyiuptotic to tlio time axis sjiowing that the tuto of depn*"iun is now 



becoming very small. A meehanioal analysis ot tins sand was made 
4ind tile size distribution cur\ e is shown iii Fig. 182. 

Curve d in Fig. 181 shows the rate ot depiession of water-level 
in the pipe for very fine sand. The natuiL. of the curve resembles 
that for fine sand, though the numerical values are of course different. 
In this case, the initial steep fall continues up to 150 cm and then the 
rate deeieases. The mechanical analysis of this specimen of sand is 
given m Fig. 183. 

These results are of practical impcrtance. They sliow that 
in the initial stages, a certain amount of water, say Q, lost^by evapoia- 
tion produces a depression in the water-level in the pipe much more 
than at later stages. In t)io usual method of calculation, if A is the 
effective area of cross section of the cylinder, the depression in water- 
level in the pipe will be equal to Q/A, for a loss of quantity Q of water. 
If the pore space is about 40 per cent the effective area A is equal to 
40 per cent of the area of cross section of the cylinder. For very 
coar^e sand, the initial fall is about 10 times that calculated from 
Q/A, while for fine and very fine sand, these aie about 80 and 250 times 
respectively. The fall of water-level in the pipe is thus dependent 
upon particle size, under similar conditions of evaporation. 

The watei-level in a pipe attached to a sand-watei column is 
thus controlled by the particle size. If the same amount of evapora- 
tion can cause different changes in the level of water in the pipes, 
then it is clear that a water level in a pipv. is not directly related to the 
quantity of water lost bj’’ evaporation. Past attempts, therefore, 
to connect the fall of water-level with evaporation were incorrect. 
The pipe under such conditions measures only the pressure deficiency 
at the air- water-soil interface neai the natural surface cl the sril. 
This deficiency depends upon the curvaturi' of the water menisci at 
the top of the capillary column and, hence, on particle size. This is 
the reason why no direct relationsliip exists between the fall of water- 
level in the pipes and the amount of evaporation. 

Keen obtained a steep fall of water-level in pipes in which he 
had carried out oxperiments lasting for six years. Keen gave an 
explanation of the steep initial fall in free water-level in those pipes, 
based on the experiments of Haines. This explanation and the 
oxperinionls on which it was baseil 'wero not in accordance with our 
laboratory experiments. E.xporiinents were therefore started in order 
to re-iino'stig.ite Keen’s explanation and Haines* experiments. 

Experiments on Pressure Dejiciencif with Porous Pots — It was 
lejmilud lavt year that experiments were being carried out on pressure 
deficiency .vnd moisture content on various grades of soil. . Tlie 
arrang(*ment u&ed in the experiments under rOjmrt is essentially similar 
but refinements were intioJuced in, the apparatus to enable a series 
of readings to bo taken on pressure deficiency, very near .saturation- 
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The apparatus to test this is shown in Fig. 184. ABCD 
IS a glass vessel containing the sand to be investigated. S is a porous 
pot about 2 inches in length and 1 inch in diameter. E and F are 
copper pipes | inch in diameter and soldered to a brass cap. The brass 
cap fits the mouth of the porous pot. The copper pipe, E, serves to fill 
the porous pot with water and the other pipe,-F, is connected to an 
JQcliued mercury manometer as sliown in the figure. ^ ^ The mnno- 
meter can be given any angle so that the desired sensitivity may be 
obtained. A ti-avelliug microscope was focussed on to the nurvury 
meniscus to enable the readings to be taken accurately. 

The readings obtained with saturation and pressure deficiency 
for three specimens of sand are plotted in Fig. 185. It will be seen 
from the figure that there is no abrupt change of pressure dofidency, 
fromsaturation down to 2 per cent moisture. A number of observations 
^ wre taken verj^ near saturation but in none of them was a rapid initial 
' f^ill obtained. " Keen’s explanation was, to quote his own words, 
!‘that from a consideration of the suction pressure as developed by 
Haines the rapid initial fall is evident. Haines’ curve for the relation 
between pressure deficiency and moisture content of the soil shows 
fhat just below saturation the moisture content changes very slightly 
for an appreciable increase in pressure deficiency above its initial 
value at saturation. ” Haines experimented on glistening dew. The 
results obtained with glistening dew do not apply to sands. 

The correct explanation for any such initial rapid fall is to bo 
found not in unsaturation but in the dovelopment of tho negative 
pressure due to the curved micro-meuisei at the top of tlie capillary 
column. AVe use the term negative pressure here for a pressure less 
than that at the phreatic surface. This is to avoid confusion with the 
term pressure deficiency which maj^ bo ossocrated w’ltli partial satura- 
tion. A test ot the memscus theory was applied in a .series or experi- 
ments which are described subsequently. 

If the water-level in a pipe embedded in a saturated sand column 
is controlled by capillary forces at the hoil-air-waler interface.^, then 
what would be the efloct if eva 2 >or‘dion take.'j jdaco in a stratified 
soil ? If, for iiihtancu, a coar^e sand a Ia 3 ’er nf finer sand at tli« 
top is placed in the c.vlinder and iiutialh' j^aturated, a largo negative 
pres^ure ^\ill bo <le\eIo]>iid a.s evaporation begnj&, becau>e the finer 
band exertb a larger negative pressure .U the buil-.iir-water interfaces 
than a coarvo band. A jupo connected to the cylinder of tand will 
bhow a rapid fall. As evaporation jiroceed.-^ and tho air-water interfacos 
are brought into the coar&er laj'er, tlio negative prcasuie must decreabo, 
because, as staled, a coarse sand exerts less iieg.itive jnc.-sure at tho 
micro-interfaces than fine sand. If the w.iter-le\el in a piiuj L- nnh* 
a recorder this prebbure, .is has been found, then the water in thu.pi|)u 
"ill rijio though water is btill being lost b.v evajior.itioii. This may' 
i»ound anomaloUb but was confiniied in the following oxjxTimcnt.-. 
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Experimmfs on 'Negative Pressure and Stratification — ^Tiie ex- 
perimental arrangement, and tlie method ot conducting the investiga- 
tion have already been described. The difference in this case is that the- 
homogeneous column of sand is replaced by two layers, the top one 
being composed of fine sand and 'the bottom one of coarso sand.. 
Experiments were carried out with different thicknesses of- the toi>- 
hW- ^ 1, ; * 

Eig. 180 shows the effect of evaporation on the movement of 
Avater-level under the conditions mentioned in the above paragraph. 
The four curve,s in the figure are for different thicknesses of the top 
layers. The thicknesses of the layers varied from • 5 to 10' 5 cm. 

In all the four cases iuveatigated there is an initial steep tall of. 
level. This fall then ceases and a rise commences. Finally afttr a 
series of reversals the water-level in the pipe attains an almost stead}' 
state. In the ease of the thinnest layer, this state is attained inaboutj 
Uireo hours, whereas witii the thicke.st layer to acquire a steady level 
takes about three days. The final steady level is attained when the 
level, after the first fall, has iisen to about ten centimeters below the 
surface of the coarse sand. This latter level is characteristic of the 
lower coarse stratum only. The composition ot the top layer does not 
seem to affect this final steady level, though tlie initial fall is controlled 
by the top layer. It -will also be noticed that the rise of water-level 
is not Smooth, but is attained by a series ot quantum-like movements. 

Fig. 187 shows the results of experiments similar to those referred 
to lU Fig. 186, but here the top layers are composed of ^ner sand than 
used in tlie experiments referred to in the previous paragraphs. The 
initial fall of level is greater than that referred to before, but in other 
respects the curves are interpreted similarly. 

These experiments conclusively show that it is the negative, 
pressure caused at the top of the capillary column that is responsible 
for the maiutenance of the level of water in the pipe. The theory 
that it is the negative pressure of the meniscus at the top of the capillary 
column which controls the level in the pipe is completely verified by 
the reversal of the level in the.se experiments,' It is wrong to take 
tliis level as water-table ; or if we take this level as water-table, then 
this water-table will bear no relation to the amount of water lost 
from the water-table by evaporation. 

The bearing of these experiments on the measiuemenlsof water- 
table will bo disciishod subsequent!}'. 

The next seiie.s of investigations carried out in the laboratory 
were pertaining to tJio effect of tliis now xdienonienon on the drainage 
of soils. I 

Effect of Capillarity on Drainage in Waterlogged, areas — ^The 
fact that a capillary negative iirossure^ of considerable inngnitudo 
caused by tlio menisci at the soil-air-wator interfaces on tlio top of the 
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cflpillar}* column has im effect on the drainage of soils in waterlogged^ 
areas. , ^ ‘ ‘ ‘ ' ‘ ‘ 

, A' cylinder similar to that shown iii Tig. 180 was fitted with 
four side tubes. Tho lowe.st side tube has a long tube of glass of small' 
bore attached to it.' This tube is as high as the cylinder and' the- 
fluctuations of water-level in the cvlinder are observed in tJii.s glass 
tube. / ' 

Before beginning an experiment, water is allowed to pass down 
the cylinder for two weeks in order to stabilise the conditions. Free 
^ater is then allowed to stand on the sand and the level oi water 
in the side tubes is noted. One of the side tubes, say the second' 
from the bottom, Js now opened so that water begins to drain. As 
crater is being drained level of water in the cylinder and in the side- 
tube .remains the same as in a U tube So long as there is free water 
above the sand. “When tho drainage has reached such a stage that this^ 
free water surface touche.s the sand surface, the level of water in the 
side tube sinks very rapidly. The subsequent depression hears no- 
direct relation to the amount of 'v\ater drained, but it depends on the 
particle size of tho sand iii the cylinder. Experiments were carried 
out with three different grades of sands, and tho results aie sbown ia 
%3. 188, 189 and 190. 

Pig. 188 IS for very coarse sand. Curve a in Fig. 188 shows 
what tho depression should be if there was no sand in the cylinder and 
if both the cylinder and the side tube were only filled witli water. 
Curve h shows the theoretical depression if the cylinder is packed with 
sand under water and drained. Here it is assumed that the s.uid 
has -10 per cent pore space and if the water is completely drained, 
tho water level in tho cylinder and in the pipe .should fall along cur\e 
b. In the actual oxporimeiit, tho curve traced iias c. 

After an initial stage the curves h and c nm parallel. Tlie 
horizontal separation bet^^een h and c sIio-wm that tile lo\elof water 
in tho pipe is loiver than that in the cylinder. In the stage correspond- 
ing' to tlio piarallel portions of tho cur\e.'^, the fall of water-Ie\eJ in the 
pipe rofiects correctly the fall in the water-lo\el in tlie sand column. 
Tlieio can, therefore, bo no bcrious error if the amount of drainage i.'i 
corielated in this case with the fall of water-level in ])ijK\' 5 . 

The case of a line sand will now be examined. The re.mlts 
are shown in Fig. 180. Curves «, h and chave here tlie same signific.uK’o 
as ill Fig. 188. Tho result of this finer grade sand is that cur\'ea 1/ 
and c are separated verj* much more than in tiio previous ca.^e. 

For tho sake of convenienco in disnj>aiun this curve c in.»y lie 
split up into tliree parts MN, NP and PQ. In the part MX, the curve 
is almost parallel to tho ab&chsa ; in tlie part XP tlie pIoih? incre.iM-j* 
i-apidly and after P tho cur\ o runs parallel to b. 

It will 1)0 seen from a comparison of Fig.s. 188 and 189, that tho 
p.»rt corrcsiKinding to MX was very small in tlie funner case whereas 
it is veiy large in the laiter tase. Tln.s shows that in the iiiitial stages 



of draining* of a soil, a very large dei^redsiou 1:3 caused for a small amount, 
ot water drained and that this difference becomes greater as the soil 
becomes finer. Thus in Fig. 189c when > SOcc of prater are^ drained, 
a dei)re! 5 sipn of 20cm is observed in . the pipe) wlieieas ^ the same amount 
of depression is to he produced in' the j water 'surface in tlie cjdinder 
400cc of water should be drained out. ^his' ' ‘loplis anomalous but 
is an expeiiiuental fact. In the region corresponding to NF smaller 
quantities qf water are required to. be drained to produce the same 
dejiressiou qs in After ilie stage corresponding to^ P is At'tained 

the curyp rups parallel t^o’ b. ' j Herp the amount' 'of water drained 
conesponds to the fall m jevel of wateij in th'c pine' iusb as on® might 
expect, i.e., if Q is the quantity of wa^br ■ ■ 

area qf cross sectionj then the fall pf''>ya ■ ' 

correspond to that in the pipe. Here' the 

is 40 per cent of that of the cylinder, this' ^ being' approlanVately the 
v,oid space in sand. Tlie divergence between '6“ahd. c is veiy much 
gre Iter than m the con esponding case of Fig. 188.' ‘ 

In Fig. 190 the stage corresponding to X'could'iiott be. obtained 
with a height of loO cm and this was the niaxiinmn range of the 
expeiiiuental tube. The stage corresponding to PQ will bo attained- 
after 7 ftet. In this experiment, tlie sand used was very tine. ' 

TliC’^t results have an important bearing oii’ drainage and the 
iiieaMirement of water-table. '> 

Seepage drains in the Punjab vary in depth from three to ten 
feet and «iro dug in high water-table areas. They are meant to deal 
avith storm and subsoil water. 

The new phenomenon observed in the laboratory has no bearing 
on tho removal of storm water. AMien the storm water has been 
drained and thf surface of the soil is exp( sjed to air, the soil-air-water 
interface develops a negative pressure depending on the grain size 
of the soil. In the case of verj" fine sand tho negative pressure which 
this can develop is seen to be seven feet. Unless the depth of the 
drain exceeds seven feet, the pores in the soil must' remain' full of water, 
though a pipe embedded in the soil may record a water depth of seven 
feet. A veiy insignificant quantity of water removed by the dmin is 
enough to biing into operation the negative pressure of the inicio- 
menisci at tho top of tho capillary ooluinn, and thus show an uppuK/U 
doertuse in the watfcr-lt\r.l,au the pipe. In the case of very fine -'-md. 
leforit-d to in Fig. 190, a drain, foi example, say/ three feet .in depth 
need only remove le^s tliau l/180th of the water occupying the pcie 
.space to show a depression of tlueo feet in a pipe embedded in tim 
hand, more water cannot be ieino\ed 4)3 tliis depth. cf drain, because 
.1 neg.itivfc pressure equal to tlueo htt hus’alieady bef^ii developed at 
tlie micrc -interfaces of tho stil-air-watur on tho top of the , capdlary 
coluiiin. , Since, tliis negatiye prcb.'^uro is about seven feot for tbi^ saiid» 
conditions of saturation reinain the .--amo until tlii.s'cMtical depth 
of tluulrs mis passed. ' " • ‘ [ 



Wimt in probubly liilung i^iico in a field is tlnit whoii tlio Htirfucu 
water is romovod, ovuporation takes ])Iaco from tlio Hurfaoe of tlie Hoif 
and any subsoquontTodaction in moisture eoiitoiit of tlio soil above the 
water-level in tho drain will bo brouf'ht about by evaporation only. 
Ill’s not possible in a report lo diseuss in detail the eoiiclusions and their 
bearings on problems in irrigation . For tboso, roferoneo may bo nmdo 
to the paper publisbc^ on tho subjoet. Tlio main eonelusipns from thoso 
expcriinents, on ovaporation and drainage carried out in the laboratory' 
may howoyon be summarised. It may be pointed out berii tha(. these 
«)nf;la''ipn3 apply lo high water-table areas. It was niontioned 
oiriicr tiial the conelasions would be sumnmriHod after deseribing tlio 
dpiinii^fc exp(;rimonts. This was eonvoiiient because the effect of 
ovapdraticu or drainage of the soil had many points in cmniuon and tho 
• ‘Cnclusions tlioroforo triply to both. 

(1) The first effect of evaporation or drainago of a soil is to 
rviiibvo the free water standing on the soil. The capillary forces of tho 
.‘'oil have no offoet on this stage. 

(2) When tho freo water on tiio surfaeo has been evaporated 
cr drained and tho soil is exposed, the first effect is to eauso the dev olop- 
uieut of the muro-menist i ut the soil-air-wator interface. 

(8) As a result of those micro-menisci, a negative pressure is 
tiovolopod and a pipe embedded in a soil begins to record this negative 
prchsuro in tlio manner of a inanoniotcr. 

f'l) Since this negative pressure is ciiaranleristin of tho paitielo 
Hisc<» of' the soil, tlio pijm record shows a iniKdi larger depression in 
liner soils than in coarser ones and this record tliurefore lias no relation 
to,thc quantity of water lost either by ovapunUion or by drainage. 

(8) If water is added to tho soil surfacii at this stage, a snmli 
1 qiiujltity will produce an abnormal rise l)i'caiis(» tin* otToct of tJds 
addition is lo destroy' the negative pressure. The rise of wiiter in a 
pipe will he out of proportion to tho quantity of water added. 

(U) Attuiupts wliii'h liave hum made in the ]>.ist to <‘oiruliili 
the uC wuler-levcl in with tin amount irrigation and 

bcupago wtru lliiiefore incorrcrtly eom-eived. Xo smh attempt can 
be fcUcec-.'-ful unle.'-s the force'^ l-aiihed at tiiu mu’n»-meni-ci on the 
top of tho capillary' column an* taken into account. TJiis cxplanA 
tho ahucrmalitus c( well nvurd!-, whuh have \< ry often been attributed 
to careltfcs readings. 

(7) Seep.-igo dniins cann(»t reduce the moist mo content cf u koil 
nmcll below its Mturalicii, unles-j the dejitli of the drain is beyond 
u eritical deptli wliicli can bo determined by oxperimmt. 

(b) It is poaMblo tliat when the turfato water is rtmovtd by' 
^hallow drains, evapuralion i-» tlie only factor lontrulling th** nioi-lure 
‘oateiit of tlio ‘•urf u’t j-oil I.mr. 



-becomes finer. Thu, greater '.ve tbe sc 

are drainei 


, , , , sameamoui 

40bco*or;;:uerdrouw b^dSdUf 

w an exjjerijueutal fact Tn Hio Joolis anomalous bi 

.juantici, of “«ir‘-reaui ed Nf smallc 


coriesi,ond.s to tfie fajrinTevel ..''^,''™t“'*aine( 

oxpeot, i.e., if Q is the aiirntitv nf ^ r ' ? '''® .“fl® “'Sbl 

area of cross sectio^thert “e f Jf f ftmed and Ais'the‘yffeclivc 

correspond to that in the pipe hL^/mTp Iff ''7^^ 

IS 40 per cent of that nf Hip n^rV ®^,9*’PSssectioi] 

v.oid space in sand Tlip rlivo ^ tins ,bcin^, approximately the 
.re.te^ tinunn tlfocrco^p^nt^^r 

rvith ‘a could, not.’ be.obt..ined 

oxijeiimentul tube. Uie yaTY""* luaxnuuui range of the 

after 7 feet. I„ tins expeii mSf tfr'™“.*“® ™1I be attained. 

These resolts . “^and used was vccy fine. - 

mfuMirenieut of water-tYbl^^ ^^^iportant beairjng on drainige and the 

feet and .ire 'dug in^high watSSbl^ depth' from three to ten 

with storm .md subsoil Avater ' ' ^ ^ Thej' are meant to deal 


on the reiimval^of ston^u °vUer^' has no be.uing 

drained ami tlif surface t.t flip u .storm water ha.s been 

interface develops a npmf;, ^ oxpc sed to air/the soil-air-water 


leet. A vfciy insignifieant aii'inti't a water depth o 

enough to bring rSto operaS % removed by the . 

niemsciat the toi) of the oaih-ik^ foe negative pressm-e of tlm micio- 
decitase in the water-If\f.i ; column, and thus show an apparent 


mferifcd to in Fig. 199 a dri/if 

need nnlx. 1 1 'l uiiwn, 101 * - . v . . ,. 


w aii xMg. lyn ^ • a ^ i ua vurv iiuf o-imi 

need only remove less than 1/1 say, three feet .in depth 

.space to fallow a depression /f water occupying tlio pore 

sand. ‘Jf thieo feet in a .i;.xp p.Y'Laa...! ;,7/i,p 


.•jpaie lu fsjiow a depression /f n ^r. water occupying the pore 
iiund. iforc water cannot be !pi! ^ embodied in the 

negative pressui-e equal to depth. of diain, bocauao 

tlio micrc-intorfaces of the ii alieady bec^n d^veloiied at 

column. .SinceUhis ncfrative nrp*^^*'''^' the., capillary 
conditions of satumticn >«, nl^««t seven feet for tliis sand; 

of the drain is passed. - * *”,dil tliis'rntical depth 


<7 


^Vlia(; i? probably taking j^uco in a field is that when the surface 
crater is removed, evaporation takes place from the surface of the soif 
andanjf subsequent-reduction in moisture content of the soil above the 
vrater-level in the drain will bo brought about by evaporation only^ 
It is not possible in a report to discuss in detail the conclusions and their 
bearings on problems in irrigation , Foi these, reference may be made 
to the paper published on the subject. The main conclusipns from these 
experiments on evaporation and drainage carried out in the laboratorj’ 
ipa) however: be summarised. It may be pointed out here that thosu 
conelusiohs apply to high water-table areas. It was mentioned 
fiirlier that the conclusions would be summarised after describing the 
drainage expcjriments. This w'as convenient because the effect of 
ovapdraticn or drainage of the soil had many points in common and the 
‘cnclusions therefore apply to both. 

(1) The first effect of exapciation or drainage of a soil is to 
remove the free -water standing on the soil. The cainllaiy forces of the 
soil have no effect on this stage* 

(2) I^qien the free water on the surface has been evaporated 
fr drained and the soil is exposed, the first effect Js to cause the dex elop- 
ment of the muro-menisii at the soil-air -water interfact. 

(S) As a result of these micro-menisci, a negative pressure is 
developed and a pipe embedded in a soil begins to record this negative 
■pressure in the manner of a manometer. 

^4) Since this negative pressure is characteristic of the paiticle 
sine of the soil, the pipe record shows a mucli larger dopresbion in 
finer soils than in coarser ones and this record therefore has no relation 
to. the quantity of w'ator lost either by evaporation or b}' drainage. 

(5) If water Is added to the soil surface at this .“^tage, ~ all 
quailtity will produce an abnormal rise because tlie effect Jds 
addition is to destroy the negative pressure. Thu rise of water in u 
pipe will be out of proportion to tho quantity of water added. 

(0) Attempts uliit-h have been made in the jiast !<! euirol.iti 
the umj ^'f water-level in pijMjs with the amount ef irrigation and 
scepago wiro thiiefore incorrectly conceived. Xo ‘•uch attempt can 
bo succc-'^ful unlcb.s the forces caused at the micro-ineniwi on the 
lop of the capillarv’ column are taken into account. This e.xjd.uiis 
the abnornulitics of uell ncord.", whitli have verv’ often been attributed 
to eareles.s readings. 

(7) Seepage drxuns cannot reduce the moistuio content cf a fccil 
much below its &.\turaticn, unless the depth of tho drain is beyoud 
a critical depth which can be detenniued by experiment. 

(b) It is pusbible that when the suriate water is n.mo\»d bv 
^lallow drains, evaporation is tJie only factor tontrollmg tla‘ moisture 
*ejUcii! of the '‘Urfice bOil lavtr. 
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(0) The conception of a water-table as that corresponding to the 
:phreatic surface recorded by a pipe is of no -paliie, becauso.fche phreatic 
•surface moves up or down according to changes of, pressure. at, the top 
of the capillary column' and gives no idea, of the amount of water 
added to or removed from thff subsoil. The phreatic surface is not an 
air-water surface within the subsoil. k 

(10) The air-watei“surface in the subsoil is' in' a plane higher than 
the phreatic surface and it is the former that responds quantitatively 
to the amount of water added by seepage or removed by evaporation. 
If a relation between the amount of water added or lost from the soil 
and the corresponding movement of the water surface is to be sought, 
then it is the latter surface and not the phreatic surface in a pipe that 
should be taken as the water-table. ^ ‘ 

(11) If the strata are not uniform, then! the forces at the inter- 
faces of the strata are different from those in any one of them and when 
the air- water-surf ace passes from one stratum to another,' say from 
finer to coarser, a fallmg phreatic surface will begin to rise though water 
is still bemg dramed from the subsoil. This makes it clear that it is 
the force of capillarity that controls the water-level in a pipe, . > 

(12) Since the grain sizes of the soil in any area^are^iiot' uniform, 
the water-table, i.e., the surface below ^ which the pores arelfull, will 
also not be in a horizontal ' plane. » ■ Though .there ^ are difficulties in 
finding out the position of this surface,' this is not a reason for con- 
tinuing to regard the phreatic surface as the water-table. , j 

(IS) When the water-table is very deep, these considerations 
.are not of any great significance!; ),. ■ ■[ > .• r , • ; 

Eccmerivients on Cavities ' in Balloki' Weir- Bay No> 1 — It was 
reported last year that experiments were in progres3<to locate cavities 
under the Balloki Weir. The method adopted was to use the grouting 
pipes as electrodes and map out the resistances between the pipes, 
by employing an alternating current., The, apparatus, used consists 
of an A. 0. source and a resistance measuring bridge equii)ment. The 
arrangement of the apparatus and the method of carrying out the 
-experiments have already been described in that report, and reference 
may bo made to this for details. Besults for Bay Jfo. 2 were reported 
Jasfc year. Experiments were carried out in Bay Nos. 1? 3> 13. 

18, 30 and 31 during the year under' report. Except in Bay No. 1 
the number of grouting pipes was small and so the results were ni' 
sufficient to come to any definite conclusion. The results reported 
now are for Bay No. 1. The plan of the bay is shown in Fig. 101. Thi^ 
bay has about thirty pipes and six series of ineasurements were taken. 
Three seiies of observations were taken by connecting the pipes across 
the weir and another three series ■were taken by mnneetin" the 
-along the weir. Tho.so won . . ■ ■ . ■ ■■ 

The resistances between ai . . ' ! ' ■ ] 

jnay be duo to the fact that , - ‘ ’ 
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a Wfir or it may Im <Uia to <01110 otlior cause at iiro^iout not understood* 
KjjIj o£ tlieso o1)Sfi-vations weix* oxaminod aud <\ com i)a rati vply s;uaU 
resistalico was>obtuinutl in tlio rej^ion of jpipe-t.^b fo inajkjjd 

iiFigs. 102 ami lOd.- - DluLS,iroferriug to rjg..l02 vybilo tho.maxjmijLyi 
resistance obtained is aboiU- 'ZTyO unit?, the pipoa in the region marked 
in the circle give only a rango between 87 and l.^G unitki .Referring 
to Pig. 103 where the mea^ureinents were taken by cohheciifag 'pi^oa 
along the weiri'U' will bo seen again that while a niUxiihu'm resistanco 
01 about 300 units is bbtaii^ed^ in' flio kj|^|6ii ()f pipes 21 to 23 marked 
m the figure the resistance varies from i/O to. 150 units only;' This 
-again happens to c'oiyespond td‘tho'i'egidn referred to in Fig. 192. * The 
other four sets of readings aie dot' shown in the liguii^j but in all of 
them this pakicuhir region showed a low resistahOe. The cumulative 
evidence of all the st^ts of modsiiremenfs ‘ points to the cdncluhion 
fhat this part of the weir luis a weak foundation. It is purely d'iiiatter 
of technical terminology whether we call it a cavity, weak foundation 
t)r loose nackiii" of'tlie sand nndet the door. That there is something 

obe clear from the experimonts. 

^ ■ ■ iitg Engineer, Lower Bari 'Roab 

Canal in his report on grouting. -He stated, that on corpparing tho 
'Oxperimentah resultsl iwitln liis pUiu-. ofi.tliQse obtained by .^vouting, 
-it^was evident thatithe experiment' had lowtwl an arya* wherq,i|ier 0 
'"'vasia considembIeTcoac§ntration ofiahiiiniBls. ” . , j 

Eh^^cal^^iiiuTogij Methods jor Debzeiim oj 
Cavities — A problem arose in cohn^ction with Kalabagli Woir, -,vnow 
binder construction. Due to pumping the pressure pipes in, the weir 
' showed readings very different » from those based pnithe dosigi^,,^«A 
model of-^the weir was therefore oqnatructed and the, fpmij^alUo^wps 
Vpartly made of shingle and partly of sand. Changes jn pressurq wliioh 
Would 'be caused by altering part of the sand mto .shinglo we^p studied. 
This became very difficult in a hydraulic model and the readings 
obtained were not consistent. La a model about 15 inches in length, 

' the hydraulic method wqs found to give variable results. It was 
suggested that an attempt should be made to exainino the problem 
,on the basis of the electrical analogy. While the electrical analogy 
method had worked very successfully in the case of .sound weirs, its 
.applicability to unsound conditions had not been e.xamined. Objec- 
tions might be raised in applying this method to cavities and this is 
(jcaR ^with later. 

X model of Kalab'agh weir in ebonite, 15' inches in Imigthl was 
constructed in the electrical tray. The upstream and downstream 
ends^qf tlio model were made of coi)per plates as usual. The details 
of, construction of such models have, already been given ‘in previous 
^fP.ort^ . . The, main difference' in the present investigation was' that 
tUe'c'avity aVas represented by a brass block to short circuit the upstream 
and downstream of the cavity. . This is apparent Ir justifiable because 
la a cavity in the prototype, there is no diffefefico\)f pressure between 
tho upstream aud downstream ends of the cavity. > 
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; ' ‘ The first set of* readings was taken without the cavity and the 
next five sets were taken with the cavities in the positions marked 
in Fig. 194, as 1 , 2,' 3, 4 and 5.^ The pressure distributions on the weir 
’ corresponding to these respective positions are shown in the figure. 

■' The main conclusions which can be drawn from these curves 
are as follows ‘ ‘ ■ > * * ^ 

, (a) The magnitude of the pressure changes brought' about by 

a cavity are small and confined mostly to the neighbourhood of the 
cavity., For instance, the model of the Kalabagli weir was l5" 
and the cavity is 2". This fepreseiits a cavity which is 2^15 of the 
. length of the weir and yet the difference' of potential is only about 
8, per cent. It will require very great care and accuracy to detect 
. this difference in a prototype by pressure pipes. It is even doubtful 
whether pressure pipes can be relied' on indicate 'changes of this 

order. 

■ (b) If a cavity is nearer the upstream or downstream^ end of 
the weir, the change of pressure caused by it , is greater than that 
which would occur if a similar cavity is situated in the 9 entre. 

(c) A cavity increases the pressure gradient on both the 
upstream and downstream sides of it. t Thus a cavity .in the 
neighbourhood of the downstream sheet pile increases the averag 
percentage gradient to 0*57 in its vicinity on the downstream sid' 
and to 0 * 48 on the upstream side. The original percentage gradieni 
without the cavity was about 0*4. 

Though, as stated before, the electrical analogy < method wai 
found to be true for investigations on soiind weirs, its application h 
weirs with cavities has not been proved. It has been suggested thal 
'in the case of a cavity, the potential distribution* and pressure. dis- 
' tribution cannot be taken to be identical. The point can be settled 
by an experiment on hydraulic and the corresponding electrical 
models. i . > .i. < li . 

Bxperimenia on CavUies ivith Hydraulic and Electrical J\lodc}S-- 
For this work two investigations were required, the first ^\'as on the 
'hydraulic model and the second on the electrical model. The experi- 
ments on tho hydraulic model will be described first. * 

The model consisted of a tank 125 cm long, 75 cm high and 20 
cm broad. A sketch of the tank used for the investigation is shown 
. in Fig. 195, Tho floor of the model was made of glass 1*5 cm thick 
I 30 cm long and 20 cm broad. To insert pressure' pipe^, holes were 
bored tlirougli tho glass plates at intervals of two and a half conti- 
. motors. The pipes for observing tho pressure distribution wore fitted 
into those holes. In order to keep the 'upstream and^ downstream 
, water at desired levels metallic plates woio fixed vertically and syphon. 

. arrangements were put in, ‘ 

Before tho floor was fixed on tlio top of tho sand, a cavity two 
inches in diameter and jjomi-cylindrical.iu shape was made across tho 
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'bottom. In order to nuinlam tiJo ."hapu mid .siao ot tho cavity iutuot 
•a perlorated plato of brats wa.s pre.s.-ud into tlui (*avi( 3 \ Tim jmrfora- 
tions wcro not Imo enough to cauM) ain* cjiaugo of jirorfhuro at tho 
boundao*. Tho gla.^s floor \\m fjSed to thu .‘iand foniidationaliove tJio 
cavity. 

ITvo positions of the cavities ^H•ro investigated and tno nets of 
-e^^eriineuts were carried out, eacli \utlj a difTereiit head. in uno 
set, 'a head of 7 cni and in tlio otlier a Iiead of -i eni was oinnloyod. 
The resuUs arc shown in Tahiti XV andXYI. Colinnn “a *’^in Itio 
tables gives the actual reading.-, obtained, eoJui/jn “ b " giv'es tJjo 
percentage hydraulic pressure calculated from llio readings and column 
*‘c” gives the i}ezceiiinge eJectric.W potentiah iiaving comp/eted 
this series of experiments in tlie hydraulic model, it uaa necorcary 
to try a corresponding model in tlio elec trieal tra\ , 

Tho model in tho electrical tray wan ^et uj> as follows. Cones- 
ponding to the glass floor in the h\'draJiJie, an cbfujjle jdalo tv/n liAod 
in the electrical tray. Tlie up-.lream and dounrttreanj ieveL v.oro 
tMck copper plates. Tim cavitj' was represented h} a senii-eylindrie'ai 
piece of brass attached to tlie bottom of the eijo/jito jdalo, Tlia 
dimensions of the floor and of the ca\it 3 ' in tlio h^draul/e model iwno 
thus completely represented in the electrical utoilel without any 
change of scale. Five ixj-itions of the bra-js eylunJcr, potitimta loau-ily 
similar to those of the cavities in the hydraulic model v/ero 
gated. A sketch of the electrical tray -'hovdog one porfiiion of flm 
cavity is given in Fig. ItlC. The alternating current tor the /nve.;ti* 
gallon was obtained from an o.-scillator. TIiia Inirt been de^tcnbed 
in previous reports. The general method of eonducting tho ey.[»eti~ 
menls is clear from the dLagrarn. Tho potential distribution along tiio 
floor with cavities is obtained on a imteniujinetcr, Tim j>erf'eiit.igo 
pressure* so obtained and thoao calculated from the hydr.itiUr mode/ 
are plotted in Fig. lt>7. 

The corresponding points in the hj'drauJie and eject riral niofleln 
nearly superpose in the figure. The valuei agreed v,ithiii three per cent 
and considering the sources of error in the hydraulic model thot agree- 
ment is excellent. 

The invtfstigation thus prove* that the pre--ure dutrifeiUojt 
under weirs with cavities can be studied electrically and the com huion 
obtained from the electrical model are valid for the hydraulic jirototypo. 

on Vreuure iJclW in the Bed oj the linreli Main 
Line — In the neightX'^hood of the ^veli 3fam Line tbe tvater-tibb, 
is higher rh.^n the bed level and the bed i* lined. When the canal 
is drv, tb,» pressure from the water-table would tend to b/ov/ up the 
bed- It is, therefore, neceiiaiy for a e.;rtain be..d of water to ho 
xnaintafned in the canal to counteract the uplift i>Te:iUte, Ju order 
to avoid this head of water, it was propo^ed to rehoe the 
pre-£ 3 re hj ciean^ oi relief pjj>e 5 of 2 inch Void and thre^^ feet ux Jvngih 



fixed 25 feet apart. The question wbetlier tlih> u'oultl be effective 
wa? examined in the Jaboraton*. 

A model of the canal 1 foot uide. 6 inches deep and about 3 
feet long was set up in a tank containing sand. The tank was about 
9' X 4V X 2V in size and was divided into three compartments. 
The two end compartments were small and contained free water. The 
middle compartment was filled with sand and the canal was made in 
the sand. Tho model of the tumal was made of cement. As the 
cement model of the canal was being built, relief pipes and pipes to 
mea-ure the pressure were inserted. The relief pipes were arranged 
in three rows three inches apart and the pressure pipes were midway 
between them and so also three inches apart. The relief pipes consisted 
of i inch brass pipes with strainers at the bottom and flush with the bed 
and The pressure pipes were glass tubes, projecting above the floor. 
The't" are sliov\-n m Fig. 19S. 

The level of the water could be maintained above the bed at 
any desired head with the help of a svjibon in the tank. As the level 
of w..ter was raL^ed and it became higher than that of the bed, water 
began to flow into the canal through the relief j>ipes. 

Table XVTI gives the percentage rehef of pre.=;sur 0 with difiereut 
head- of water. 

It can be seen from the last coluiun that the pressure relief is 
nephmble. Tlie proposal as. it stood na> therefore not satisfactory. 

A .'•<'( ond method was therefore tned. In this method, the 
straiiU'r of the relief pipe" na> shrouded nith coarse sand gr.ided 
between 1 mm and 1‘5 mm. The shroudmg extended to one inch 
in diameter round liie relief pipe. It may be pointed out that the 
original sand under the bed wa." 0*03 umi in diameter in the model- 
The ."jaiid specimen obtained from the field under the bed of tbe canal 
was ?till finer. When readings A\ere taken vith this shrouding, better 
res-uhs Were obtained could be seen irvin Table XFUI. 

Till" method while it gave goiul re^ult> was not possible in 
practice, because it would require the breaking up of the bed at many 
placed ill the prototype, removing the bed matf rial and putting in large 
amount of coarse ?and. On tliea-e ground.", it had to be rejected. 

A third ineibod was therefore tried. In this method, the relief 
pipes vrere fixed to tho banks of the canal that the flow lines were 
inten'epted before they reaclied the bt-d. The relief pipe was so 
inclined that the strainer was in level with the bed, but on the outsidd 
of it will be "cen from Fig. lOS. Secondly a eontmuous shrouding 
of coarse .".uul graded between i mm and i'5 mm was made to fill 
round the ."trainer,". Tlie "bruudmg material thus formed a long belt 
eiio'.'ing tile ."trainers of the relief pipes. The pipes for presp*^ 
obs-rv.aiion were in the ?ame position as before. Readings obtained 
with this arrangement are ."hown in Table X fX and it will be se-on that 
in thi" c.ise the relief is about -15 per cent- 
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Pressure Dcjicicncy Experiments at Biipra — It was mentioned . 
h last year’s report that cxporiinents were in progress ’ in order to' 
detenmno the pressure defieieuey in the field with Ebgdr’^' apparatus. 
Experiments at Chiauwali wore carried out with four sets 'of this 
apparatus.' As it was difficult to obtain further supplies an alternative' 
apparatus was construoted in the laboratory. A sliotch of this is shown 
in Rg. 199 and a pbotograpJi in Fig. 200. ABC is a porous pot about' 
six inches in longtii and oiuMuch in diainetei slightly tapering towards 
the bottom. A |jrafc.s iing with scrow.s which lias beon specially'* 
mouldy and made to fit A B C was constructed and fitted. D is a 
metallic screw cap fitted with metallic 'jupes. The metallic pipes ^ 
are copper tubes used for petromax lamps and soldered to the brass 
cap. The tube E goes to t he bottom of the porous pot and is connected 
to manometer. The tube F is meant to fill the porous pot with 
water. The met aJlic cup D has a rubber ring so that when it is screwed 
oil to the poious pot, it fits tightly and the arrangement is water 
'^1^0 metallic tubes E and F are long enough so that their 
ends ai-e out of the soil when embedded in the field. Tight fitting 
screws close their mouths at the upper ends. 

This apparatus is simpler to use than Eoger’s for the latter is 
meant for cold climates where water freezes in the apparatus. This 
difficulty does not occur in the Punjab. This apparatus along with 
some of Roger's apparatus, have been used to find the piessure defi- 
ciency in a field at Bupra. 

Bujira is in Ciujranwala District and the water-table in the area 
wheie these experiments were carried out w’as about eight feet below 
N. S. The soil was hard and a mechanical analysis is given in Table 
XX. 

The apparatus were placed at depths of 14, 3, 44 and G feet 
below the natural surface. Observations w'cre talien from the middle 
of jVIarcli 1941 up to August 1941. T^yo readings of the pressure 
deficiency were taken daily. It is not possible to give all these readings 
in the report ; weekly readings are given in Table XXI. 

It will bo seen from Table XXI that the first apparatus, 14 feet 
below natural surface, gave continuously increasing readings of pressure 
which reached a maximum by the end of June. 4\Tien the first rain 
fell on the 1st of July this pressure deficiency dropped from 57 '8 
to 4 cm of mercury. It is therefore clear that the effect of rain is 
felt at this de^ith. The second' apparatus which is three feet below 
natural surface showed a fall from 64 to 10 cm of 'mercury. At this 
depth also therefore the rain has increased the moisture content con- 
siderably. The apparatus at four and a half feet depth fell from 
15 *3 cm to 9 *5 cm only, still show’ing that the rain affects the moisture 
content to this depth. The* appairatus at six feet below the natural 
surface did not, show any. change. after rain. - ItS' original reading 
of 10 cm .continued without decrease.’ This instrument at the sixth 
to ot remained constant throughout, the whole period of investigation* 
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The moisture percentage at this depth in this soil is not aftected by 
heat and rain on the natural surface. This instrument'is a. foot and a 
half above the water level recorded by a pipe situated.’uear it. It , 
appears that moisture content at this, depth is largely controlled by 
the .water-table. Further experiments are now being carried out near 
Sambrial. , - 

Testing oj Safnples for the High Dam Circle — Twelve samples 
of stone were investigated for their porosity in connection with the 
construction of dam^. The High Dam Circle submitted ' specimens 
to determine whether there would he any percolation through them 
under a pressure of 40 pounds per square inch. 

This experiment was carried out as follows. The stone pieces 
were cut mto a T shape as shown in Fig. 201. These were about two 
inches m length and two inches in cross section at the broadest jjart. 
They were fitted to form a plug of a specially constructed chamber, 
so that the side A is under a pressure of 40 pounds per ‘square inch 
and side B is at atmospheric pressure. The pressure 'was applied 
with a hydraulic pump. If any percolation took place from side A 
to side B, the hydraulic ]>ressure wquld fall and this could be read on a 
pressure gauge attached to the hydraulic- pump. Twelve samples 
were investigated in this manner and all of them stood the pressure 
showing no percolation. 

It was then thought advisable to obtain a qualitative ‘idea if 
an ordinary brick could stand any hydraulic pressure. When similar 
experiments were performed with bricks it was found that the pressure 
fell almost instantaneously. This latter experiment > was carried 
out as a check on the method. 

Silt analysis . i 

• ^ ' One thousand four hundred and seventy silts were analysed 
during the year under report. Out of these one thousand and fifty 
were from the regular sites and the rest were in connection ivith other 
investigations. 

( ^ . . Evajyoratioti^ from 5oi7s— Evaporation of water from soils is a 

’ in various countries and is one of groat 

‘ ■ . ipondencG of evaporation on the grade 

" ■ 1 ■ . ; ■ V m> and it has been concluded that the 

i ... . constant at high -moisture contents, 

Fisbor has attributed this to the fact that actually water is evaporating 
from a free water surface. ' . r, in,. ■■ 

-iK. » , Certain experiments which were carried mut* in this laboratory 
with different grades had also shown that evaporation was independent 
ofitho grade at high moisture contents. Those and similar expon- 
menta by other workers wore carried out using very thin layers of sou* 
Tho effect of the depth of the column of sand has not been investigated ^ 
in detail. In tho Punjab whore tho temperature varies cousidorabiy ' 
botweeu winter and summer ondt whore thoi climate is dry, conditions 
aro very different from thoso in which tho experiments have been 
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canied out by workers abroad. It was thought desirable to ro*m- 
Testigato tho problem. 

Two series of cxpcrimeDts wero carried out with very coarse^ 
; coarse and fine sand ; tho depth of tho loyer of sand in tho first series 
was 4 cm, and in tho second eeries was 20 cm. ' Tho very coarso 

■ E^d was about 2 mm. in mean diameter, tho coarso 0 *8 mm in mean 
diameter, and tho fine sand was about 0'2 mm in mean diameter. 
The soils were packed under water contained in metallic tubes 1*5 
cm in diameter, tho heights being 4 and 20 cm as referred to b'efore. 
Evaporation was allowed to take pi a co in tho open and was measured 
by weighing tho tubes daily. Tho observations wero continued till 
it was found that tho rate of ovaporation had becomo negligible. 

' ^ In tho 4 cm layer tho evaporation became negligible after a week ; 

■ and in tho layer 20 cm deop it became negligible in about three weeks. 

In order to compare tho evaporation with that from a free 
water surface a tube of tho same bore was filled wdth water and water 
was allowed to evaporate under similar conditions. Tbe water which 
evaporated daily was replaced. The results obtained were not in 
conformity with the opinion that evaporation is independent of the 
grade of material. The rate of evaporation depends on the grade 
and on tho depth of the column of sand under experiment and not on 
one factor alone. 

The results are shown in Figs. 202 and 203. To represent 
. the results the abscissa is taken as the accumulated daily evaporation 
fiom the water surface and the ordinate as the weight of water evaporat- 
ed from the respective sand columns. This gives a better representa- 
tion of the readings than a time axis for the abscissa for it eliminates 
the changes in the atmospheric conditions. 

Eeferring to Fig. 202 it will be seen that when the column of 
sand is 4 cm in length the difference of evaporation between the various 
grades is very small. Conclusions from such experiments lead one to 
assume that evaporation is independent of grade. Under this condi- 
tion it is true. 

Referring to Fig. 203 it will be seen that when the evaporating 
column of sand is 20 cm, tbe evaporation from finer grades of sand is 
greater than that in the coarser material. For instance, when 100 
gm. of water had evaporated from the water surface, 14*7, 26*1 
and 46*7 gm of water had evaporated from very coarse, coarse andfine 
.sands, respectively. This is contrary to the observations referred to 
in the last paragraph and to those in old literature on the subject. 
One worker, however, named Esser, has in 1884 shown that if evapora- 
tion from a 1,000 sq. cm. surface from soil fractions less than 0*071 
mm in particle size is taken as 100, that from fractions between 0*25 
.to 0*5 mm is 81 *1 and that from fractions between 1 to 2 mm is 22*2. 
He, however, does not state the depth of the columns of sand used. 

These experiments will be continued and it is hoped then that it 
will bo possible to review the whole subject and its bearing on problems 
of irrigation and ovaporation. 



^ ^ TABLE XV ' ' ■ - . ' : 

CX)JIPAlil.SOK OJ' D1£.TR1DUT10X with cavixipis in the electrical and hydraulic uodels. 
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MATHEMATICiUi SECTION 

I^cgimc ChanncU — ^Tl)o channola givou in Tablo XXII Iiave betn 
Itept uuder obsorvation during 1941-12. ' Observations on some of these 
•channels were discontiuuoil during the year as, duo to staking and 
bashing, considerable cliauges took place in their regime. 

Analysis of the data from obsorvaticns at regime sites led to 
the follovsing lelalionships 

o .86 

.. .. ■■ ( 1 ) 

Q 

= •• •• •• ( 2 ) 

li = • 47 0^ . . . . . . (3), 

^'here Q is the discliarge in cusec*s, B the Iiydraulic mean depth, 

"the wotted perimotei, 8 tho slope poi thousand and m the average 
diameter of the bed silt in mm. Attempts liave been made to introduce 
the quantity of sdt idling on the bed into equation (1) but this has 
net been suectssful. Experiments conducted in this connection will 
be described later. For the purpose of design, whenever the diameter 
of tJie bed silt is known, tho slope required can be calculated with a 
fair degree of precision. Complaints have been received about the 
'silting ot channels over tho design section. On analysis of the bed silt 
obtained from tho site it was found that the cliannel had silted and 
•'-assumed a slope wdiich Eq. (1) should give for tho bed silt present. 

. Recently a survey of tlie main line and branches of the Lower Chenab 
Canal system has afforded an opportunity of studying this problem 
.more carefullj’. It has been found that in those channels where the bed 
did not show any sign of silt movement tho actual \vator-surface slope 
agreed closely with the calculated slope from Eq. (1). In other cases, 
such as the Lower Gugera Branch or the Buraia Branch, which show 
unmistakable signs of bed silt movement in certain reaches, tlie slope 
is very much in excess of that required by Eq. (1). This equation 
theiefoie gives tho slope or the full supply level required. The problem 
of design no\v resolvts itself into finding the following : — 

(1) Tho w’ater- surface slope or the F. S. L. — This will bo done 

w'lth tho help of Eq. (1), 

(2) The cross-sectional dimensions of the channel. 

Tho two other relations given above determine the size and shape 
of tho channel. One of these is Lacey’s P-Q relationship with a slightly 
altered constant, viz.— 

P^^=2-S = C Qi .. .. .. (2) 

'Though the relation between^ P and Q lias been found to bo 
-almost perfect Irom tho statistical point ot view*, yet great difficulties 
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MATHEMATICAL SECTION 

Bcginic Chanuch — Thi) cliAnnols givou in Tablo XXII have betn 
tept under obsorvatiou during 1911-12. * Observations on some of these 
'«hannels wero discontinued during the year as, duo to staking and 
bushing, considewble cliauges took place in their regime. 

Analysis of the data from obsorvaticns at regime sites led to 
the following lelalionships : — 

.86 

Sxin'^=2'09-^^i— .. .. (1) 

Ev"=-'V~ .. •• •• (2) 

U=-47Q^ .. .. .. (3), 

where Q is the di&rliaigo in cusecs, R tlie hydraulic mean depth, 

^the wotted perimetei, S the slope pel thousand and in the average 
diameter of the bed silt in mm. Attempts have been made to introduce 
the quantit3' idling on the bed into equation (1) but this has 

net been successful. Experiments conducted in this connection will 
be described later. For the purpose of design, wlienever the diameter 
of tlie bed silt is known, the slope required can bo calculated with a 
fair degree of precision. Complaints have been received about the 
silting oi channels over the design section. On analysis of the bed silt 
obtained from the site it was found that the cliannel had silted and 
.'-assumed a slope which Eq, (1) should give for the bed silt present. 
Recent Ij* a survey of the main line and branches of the Lower Chenab 
Canal sj'stein has afforded an opportimitj- of studying this problem 
.more careful!}'. It has been found that in those channels where the bed 
did not show any sign of silt movement the actual water-surface .slope 
agreed closelj' with the calculated slope from Eq. (1). In other cases, 

- such as the Lower Gugera Branch or the Buraia Branch, which show 
umiiistakable signs of bed silt movement in certain reaches, the slope 
is veiy much in excess of that required b} Eq. (1). This equation 
ther'^foie gues the slope or the full suppl}' level required. The problem 
of design now resolves itself into finding the following : — 

(1) The water-surface slope or the F. S. L. — This will be done 
with the help of Eq. (1). 

(*2) The cross-sect ional dimensions of the channel. 

The two other relations given above determine the size and shape 
of tho channel. One of these is Lacey’s P-Q relationship with a slightly 
altered constant, viz. — 

P^^=2-8 gi = C (2) 

^Though the i elation between P and Q has been found to be 
^almost perfect Irom the stati.stical point ot view', yet great difficulties 
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have been experienced in fixi^ the 'constant' 2*8. It varies consider- • 
i.ably from ’channel to .channel and also on the same channel, Mr. Lacey 
/in.his note tovthe 'Kesearchi Officers’! Meeting ot the Central Board of 
ilr^gation (July, 19^1) has suggested the mse oi the vrater-suiface 
■width W instead of the -whetted perimeter P in the following form • 

"■ ■ ■ P=B. K. 

P ^ 

■where E — — reducing the above to ‘ 

W ' 

W = K Q'^’ 

the old Scliocklitsch relation for rivers. Calculations of the Punjab 
regime site data have shown that this suggestion does not lead to any 
improvement. . (Table LIV). 

The other relation between R and Q suffers from the same defect 
as the relation between P and Q. The variation in the constant is 
.almost of the same order as that in Eq. (2), 

This had led to the examination of the data of the Punjab 
regime sites from a different point of view. The values of P/'v/Q=Cj^ 

and B/Q^s=Cjj have been calculated for all the sites and their percentage 

variation from the constants given in Equations (2) and (3) have been 
tabulated in Table XXIII. A careful study of the table shows that 
in. almost all cases where the variation of. the constant in Eq. (2) has 
been on the posithe side that in Eq. (3) ha sheen on the negative side. 
This means that where the channel has become wider than is required 
.Eq. (2) the depth has become shallower than required by Eq. (3)« 
This observation is verj’ significant. ' ' 

A 3ur\'eyof all these regime sites w'as undertaken during the 
Winter Closure of 1940-41 in connection with Lacey’s , “ Theory of 
Shock The following observ’ations ■were carried out at all the regime 
sites : — 

(i) Cross Section of the channel at the observation site 
and at every 100 feet upstream and downstream of the site for a dis- 
'■ tance of 1,000 feet on' either side-!— E.Ls. of the natural surface weie 
taken at the same time. 

(ii) Soil samples from both the berms at each cross-section, 
(ui) Photogiaphs of the berms and the bed at representa- 
tive points of the canal over the site. 

While caiiying out this survey it was noticed that the width 
of the canal appeared to depend on the nature of the soil con^rismg 
the berm. In <’onsequenco tho variation of the constant m Eq. t / 
■was to sonic extent determined by the character of the 
the soil contained salt, the berm did not stand the action 6f flowi g 
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water and fell iu,tlms widening tho cli.inntl. When tho channel luul 
widtned, the. disclurgo hting constant, it tended to ailt, keeping the 
waterway constant. If the waterway altered it can bo presumed that' 
the water surface slopo would adjust itself to accommodate tho altered 
waterway. As has been pointed out, a roforenco to Talrlo XXIir will 
coiikrm this. AMion tho perceutago variation of Cj is positi\e that 

of Cj, is negative, that is when tlm wotted porimotor P is increased 

the depth is reduced and vico veihU. This occurs in almost all the cases 
excepting Xos. -1.1 5, 25, 31, 3d, 38, 39 and dl. In consoquonce, it was 
to be expected that tho waterway A^P. R would be highly correlated 
with tho discharge Q, This is in fact tho case. The correlation bet- 
ween A and Q is 99’9l per cent and tho variation in tho constant 
■Cj in 

A _p 

Q * 85 3 . • • • - . (4) 

is very limited. Only in those cases when Cj and deviate the same 
way from the mean v aluo. are the values of also appreeiably difierent 

from the average. It is easy to understand that when P and R both 
increase A will also increase, but it is difficult to explain how tlie channel 
passing the same discharge through the increased waterway will main- 
tain equilibrium unless the slope changes. Of the cases quoted above 
only the cases of Nasrana Distributary, Southern Branch, Lower 
tlhelum Canal, Main Lino R. D. 93,400 and 115,000 of Lower Bari 
DoabCanalandDhuniwala Distributary require special consideration. 
Even in these cases, the actual water-surface slopes do not differ 
greatly from the slopes calculated fiom Eq. p). When the slope is 
introduced into equation (4) the curielation is not improved and the 
slopo comes in with a very low powi i of S, viz — *02. The effect ot slope 
can therefoio be considered as negligible. Thus for the Punjab regime 
sites the following equation holds — 

A=1.145Q‘®^ *■ ■’ 

This will replace Eqs. (2) and (3). In this case tho coirelatioii 
is as high, if not higher, than in Eqs. (2) and (3) and the variation 
• of the constant 1*145 is much reduced. 

This equation though fundamentally* correct does not lead very 
far in designing channels. A study of the existmg literature on canal 
onginooring shows that there are two opinions regarding the calculation 
of the bed width and depth. The first opinion represented by Kennedy, 
Lindloy, Woods, preferred to calculate bed width and depth directly, 
whereas the second represented by Lacey, take P and R as fundamental 
hydraulic constants and calculate bed width and depth on the assump- 
1“ tion of a trapezoidal or elliptical section. In the Memoir of the Irri- 
gation Research Institute (Vol. II, No. 23) the Lacey method was 


followed cind B aud D were calculated from' P and'B, This had the- 
disadvantage, as poiirted out above, that -due 'to the considerable- 
divergence of the calculated .values of P and B from the actual values, 
the derived values of fB and X> were unsatisfactory for the purpose of* 
design. 'The present Eq. No. (4) .will, however, give the total water- 
way necessary for/passing the required discharge. But for the purpose 
of desigu this is nut enough, one of the linear dimensions of the section 
must also be' known, 'either tire depth or the water-surface width. 
The ‘Width has tire same disadvantages 'aa' the wetted perimeter P 
and, consequently, the depth was chosen for tlio purpose of analysis. 

. • 'A practical difficulty was encountered at the very outset of 

this investigation ; the depth in any c.ross section of a channel is not 
unitorm. To get over this difficulty, depth D was defined as the mean 
central depth neglecting the slope segment. It must be admitted that- 
tbis definition of depth D is purely arbitrary and cannot be expected 
to have any fundamental significance. It has the advantage of con- 
venience and the high correlation obtained indicates that it has some 
significance. 

This depth has been correlated with the discharges from the 
regime channels of the Punjab and gives a very high order of corre- 
lation which is further impioved by the introduction of slope which 
comes in with a high power. The final equation assumes the lollow- 
ing iorm : — 



( 5 ) 


This has a correlation co-efficient of 99 ■ 95 per cent. In Table XXIV 
tho calculated value of D and the divergence ot the calculated values 
from the actual values have been tabulated. This shows that the 
maximum divergence is of the order of 13-9 per cent. 

Having obtained D from Eq. (5) and the ^Yator\vay from Eq. (4) 
jt is possible now to design the channel. Eq. (1) gives the water- 
surface slope or the full supply level shown by line XY in Pig- 
below — 
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Itt OC bo tbo centre line of (he canal fcoction, OC being the depth 
D obtained from Eq.(4), nnd AB i\ length which, with D oa thd other 
arm, forms a rectangle who.se area is equal to the area A obtained from 

, , 

The engineer is now provided w ith all the information thatr 
equations Xos. 1, 4 and 5 can supply. Ho will have to apply his local 
knowledge to design the exact section. This ho can do in the following 

Suppose he liiiow s that the soil through which the canal is to be 
taken coutists of very hard clay and the berm can stand at an angle 
even steeper tbaii ^ : 1. Through the middle points E and E' of tne 
verticals A A' and BB' of tho rectangle ho can draw the line EEG and 
F' E' G' at an angle to which tho hotma can stand. If tiio herm soils 
are of tolar he will have to make these lines slope at a much Hatter 
angle. If it is desired to have berms formed from fine silt obtained 
from the (lowing water, tlio engineer will excavate the channel to a 
wider section and bush so that the finall}” formed berms take the slope 
which is natural to such a fonnation. The final canal section is given 
by FEG G' E' E' wliich has got the same full supply level EP' as re- 
quired by Eq. (1), the same depth OC as required by Eq. (5) and the 
same waterway as required by Eq. (4). The water^surface width 
W'ill be determined by the local conditions whicdi the engineer will be 
able to fix knowing tbe nature of the soil through wliich he is going 
to excavate tho channel or through which tho channel is ultimatelj' 
going to flow. 

Silt Observations — Special silt observations were carried out' at 
the following headworks specially with a view’ to find the effect of, regu- 
lation on the silt entry into the canal : — 

(i) Kasul Headw’orks on the River Jhelum. 

{ii) Trimmu Headworks on the River Che nab. 

(ill) Sidhnai Headw’orks on the River Ravi. 

Basiil Hcadtcorlis — This headw’orks has no silt excluding device 
at the head of the canal, Lower Jhelum Canal. Rigid “ Still Pond ” 
system ot regulation is practised at the head. Tho head regulator 
has 8 bays with adjustable cills and the undersluico has 6 bays. They 
are numbered as show’n m tbo plan attached (Fig. 204). The cills of 
the different bays of the canal regulator were adjusted to certain definite 
B. L’b. and then silt samples were collected from the follow’ing points 
and analysed for coarse silt content only (>‘2 nun) : — 

(a) Biver upstream along line 13-14 . — This section is in the 
left area of the river at a distance of 500 feet frqm tho upstream nose 
of the divide W’all. Bottle samples were taken at ’G depth of 5 
verticals. These samples were mixed together and anah’sed for 
coarse silt'eontent. 

(b) Pocket aloTig JR. D. 7(?f?--5ilt entering tho pocket w’as 
obtained by bottle gampling at six verticals along R. X>. 700 and 
analysed, after mixing, for tho coarse component. 



(c) Boil oj the , regulator 6at/s.— Samples woro obtained from^ 
the boils and analysed separately* fpr eadi ,bay. . t. . . , i ; 

Besides these the pond level and' the depth’ of silt* in the pocket 
was also observed between B. L. 100 and 600. These are all given in 
Table XXV. From these the following conclusions can be drawn 

‘ ' (1), Bajr’ No. 8 of tb^e Canill Eegulat 9 r‘dmy 8 ,the‘minimum 

quantity of silt, whatever j^tlie /position' aiid' arrangement of the 
cills. . V' /r >*/ V' ' , o 

I • '.(2) But there is nothing to.ohoose ’betweeri Bays Xo. 1 and 7 
i’ so far as silt drawing capacity <is, concerned, Out of the 8 cases given 
in the Table, Bay No. 7’ draws ndore silt tban Bay t No. 1 in 3 cases, 
• less in 3 cases and equal in 2 cases. ‘ w , ■ .• . 


" (3) Table XXV further . on 

■ 31st July 1941 (9-15 a.in. arid 1’ ■ ■ . • ore 

' or less the same, the ratio of th . 

silt is of the order 1 : 4 or 1 : 5 whereas oii' 22nd July 1941 when the 
fill levels differ by 1-4^ feet* this ratio remains the same. 

. . ' These, observations do not. show that, the adjustment of the 
) cill levels ot.the canal regulator bays has any appreciable effects on 
the silt draw into the different. bail’s of the canal. 


. • -In -view of the fact that similar experiments at other headworks 
have given different results it is proposed to carry out the following 
observations) at Basul.next summei; as. soon as. there, is sufficient silt 
in .the, river water. Water samples will be taken, simultaneously by 
four bottle samplers before the bays of. the ‘regulator in the following 
arrangement. Samples from ' ’ 

secutively at a time and eacl ! ■ ' 

2 hours throughout the day. ^ ■ — 

. (1) all the cills' at the same' level; ' ‘ ’ 

(2) the' cills rising in a wedge to tlie right by ' 0*1^ from one 
cill to the next. ' ‘ 


The cill level for Bay No. 8 should remain the same in both the 
settings. , ’ , 

,, In taking samples from the boil the bays should' be arranged 
in the following way : — .) . ,,, , ,, ' , 

(1) Bay No. i;'3, ^5,7. '> I >- 

' (2) Bay No: 2, 4,‘6, 8 .mV. o'.* iu.> 

Corresponding to (1) , there will bQ'2 settings of tho cills and similarly 
for (2). , 1 ® ■ 

It will bo necessary to have the following observations at tl^® 
■ same time i'— 

(1) Bond level. , ^ m. .< - > ^ ^ 

(2) Depth .of silt in the pocket, i, ' . I 
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(3) Slope of the river towards tlio pocket. 

(4) Discharge in the loft arm of the river. 

Trinwin Hcodtiorhs — In view* of the experience gained while 
carrying out tlio silt obhorvations at this licadworks during the summer 
of 1940 the programme of work had been modified. The programme 
followed in 1910-41 was given in the Annual Eeport ot the Institute 
for 1940-41, The following is the modified or additional programme 
followed daring 1941 

Left Pocket 

Pcd sajnwles— These were collected in the pocket and the 

canal. 

Boil samples — These were obtained by bottle samplers in the 
boils of the canal regulator bays and uiulersluice bays. 

Special samples — IMiilo analysing the data obtained during 
1940-41 it was noticed that the efficiency of the silt excluders as w’orked 
out by Mr. Haigh’s Formula dropped suddenly 'when the discharge 
in the river went above 100,000 cusecs. This drop in the efficiency 
was tliought to be due to the intensive mixing of the suspended gilt 
due to the extra turbulence in the river water during discharges nigher 
ffian 100,000 cusecs. Jt w'as decided to verify tuis assumption. Hence- 
it was arranged to take bottle samples 5 times during the course of the 
next summer tor the tollowing groups of upstream river discharges, 
80 -90,000 cusecs, 90—100,000 cusecs, 100,000—110,000 cusecs,. 
110 — 130,000 cusecs, and above 130 000 cusecs. IVbi! tliese observa- 
tions were being taken it was also noted wlietuer the river was rising 
or falling. These bottle samples (10 bottles per sample) were collected 
at K. D. 300 ot the excluder pocket on the centre vertical before each 
tunnel at every 'ID. These are given in Figs. 205-206. These 
curves do not justify the above assumption. Farther observations 
will bo taken during 1942 in this connection. ^ 

In analysing the data fpr 1940-41, the followng index — 

Canal Discharge 

Discharge ratio = — — X 100 = D. K. 

Tunnel Discharge 

was found to bo directly correlated with the efficiency of the silt ejec- 
tors. During 1939 and* 1940 this had been kept between 33 to 80 per 
cent for the left canal and 10 to 12 per exmt for the right channel. Dur- 
ing 1941-42 it was not possible to have any bigger range of D. E. 

Special Obserrafions — ^Velocity observations (vertical) were 
carried out before each tunnel in the left excluder pocket at E. D. 800. 
This w*as done for different regulations of the uudersinice gates passing 
different discharges and maintaining different pond levels. All thb^e 
data have been given in Table XXVI, 

Righf Pocket 

Bed samples — These were collected in the pocket and the canal. 
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*of ilie' Ijbwer Chenab Canal system due to' the construction pf silt ex- 
cluder tunnels at Khanki Headworks. The iminediate‘_effect of. this- 
^ilt excluder had been tb scour the head reach of lih'e Main Lme. Part 
of this' scotn^ed silt is to be found in the tail' of tlie Main Iline above* 
Sagar'. '"At' Sagar the XJiJper Gugera Branch takes off. This branch 
dlsb has scoured in the head reach and deposited part of the silt iu the 
tail reach above Buchiana. ' At Buchiana the channel bifurcates into 
^ : ■■ ■ and Buraia Branch. Both the 

■ , ! ■ silt niovemeht iii the head reach 

I ■ ■ 1 the tail reach than at, the head. 

. ' ■ . ' ^ ^ as’ the Main Line Lo^Yer. This 

channel ^ is all throughout in scoiu' in its 12 miles length. At Nanuana 
the Main Line Lo'wer trifurcates into Jhang Branch, Bakh Branch 
•and* the Mian Ah Branch. Jhang Branch shoAvs signs of moderate 
silt movement all throughout its length except' iri the head reach. 
The Bakh Branch shoAvs almost no' sign of silt movement except in 
the head reach Avhere it is in scour. Mian Ali Branch also appears to 
have the same amount of silt movement as the Jhang Branch except 
that it has no scour in the head reach. i 

The above account of bed silt movements for the different 
channels is Supported by observation of the slope of the Avater surface 
in the different reaches of these channels. In Tables XXXIV — ^XLI 
are given the values of actual slopes as observed during 1940-41 and 
1941-42 kharif ; along side are also given the values of the slope cal- 
culated from the folloAving equation — ’ I's.l •' 


S X 10"^ =2-09 *. ' V ■ ■ 

^,•21 ^ . ... 

Main Line Upper — There iS very little change^ *m the observed 
slope in the reach, In the head reach the agrefenieht'.between the ob- 
served and the calculated slope is much better, lAvhile in the tail reach 
the observed slope, is much steeper Avhieh indicates silting. * > 
ti' ' Upper Giigvra' Buuich — The agreement befciveeji* thb"calculat(^d 
and the observed slopes is very close in the hbiid reach and bfedomea 
'Worse iir the tail reach'. There ’is some slight Change' id the observed 
slope in the tail iCaohes. '' ■ ' * ' ’ " ' 

Loner Gvgeia Biaiidi— -The obsenmd slopes a W, much steeper 
•than the calculated slopes indicating heavy bed silt' movenifents. Bet- 
iweeii 1940 and 1941 obs’er\-ations there is practically no cliange. 

.. ‘'0. al^b the observed ‘slope 'is yery much 

’steepW tluin tile calculated 'one', corrbborating fho'observ-atidns noted 
before that there is heavy bed silt moA’ement in the reach. ' Conipaii* 
gou of the slopes ohseived during 1940 and 1941 indicates that the silting 
I'tlmt was noticed iin' the fdach between Ei D. 69,500 — 105,000 dtui^ 
:l940'has become worse during 1941; 'Tliere is also* indichtioii of heo'’!’’ 



■silt movonient in tho tail reach downstream of tho fall at R. P. 
180,000! ’ ' 

Jhavg Branch Upper — Tho observed slopes aio steeper than tiie 
calculated slopes as in 1010. Thoro is very little change in the observed 
slopes between 1010 and 1041. 

Jhaug Branch Loner — The observed slopes are steeper than the 
calculated ones as in 1010. Excepting in one oi two reaches the slopes 
• are the same as during 1010. 

Rakh Branch— Tl\ie observed and tho calculated slopes are very 
'dose to each other and there is no change in the observed slopes bet- 
ween 1940-11. 

Mtaii Ali Blanch — Here the observed slopes are slightly m e:f- 
eess of the observed hlopes. There appears to have taken place some 
scouring in the tail ici^ch during 1941. 

To follow the changes more closely, monthly obsenN^tions were 
earned out in the Rakh Branch and the Lower Gugera Branch. Ex- 
cepting ill a few reaches there is no indication to show that there is 
any p'eiiodic change in the slopes of the water surface in these two 
channels. Tlieso have been given in Tables XLII — XLTII. 

CoHiparisoH oj Canal Discharges as measured by fbe current 
meter and the Lacey type velocity rod — The method of takmg discharges 
ill .a canal or a river by current meters is to divide the whole cross 
‘lection into a number of segments by drawing verticals. Tho current 
meter is placed at "6 depth of the central vertical of each of these seg- 
ments. The flow through each segment is found by multiplying tho 
velocitj’^ so obtained by tho area of the segment. It has been accepted 
that tho \eloeity found at -G depth gives the average value of the 
velocities over the whole depth in that vertical. It is contended by 
many that when the depth is small, sav 1 *5' or 2', tliis method of taking 
velocities is defective and it is preferable to find velocities by velooity 
rods. The experiments wore cairied out at dififtrent regime sites in 
the Punjab. The following channels were selected in order to compare 
observations for different ranges of dischaiges : — 


1. 

Tarkhaui DUtnbuLvry 

11. D, 19,500, Discharge 190 cusec>. 

*2^ 

Hafiz.kbad Distributary , . 

U. D. 3,110, Discharge 20'0 cusecs 

a. 

Lakbuaua Distributary . . 

R. I). 1*2,000, Di'cliargo 99'7 cusecs. 

4. 

Rakh Branch 

11. D. 2:11,500, Discharge 414*2 cusecs. 

5. 

Sbahkot Distributary 

]l. D. 12,000, Discharge 10*3*3 cusocs. 

6. 

Mian Ali Branch 

11. D. 95,000, Discharge 3S7*7 cusecs. 
il. D, 9, .500, Discharge .551*0 cusocs. 

7. 

Mian Ali Branch 

S. 

Cdhoki Distributary 

11. D. 3,500, Discliargy 10*1 cunvs. 

y. 

Lu\\cr Giiycra Branch 

11. D. 11,000, DiM lurgo lgi29*3 ousocf. 

10. 

Main Lino Lov^cr L.C.C, . . 

11. D. 119, hR), Di»>ch.*ige 1,103* Icust 
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Since velocity rod observations take a much longer time than 
required by the current meter, the experiments were arranged in such 
a va}- that tJie two sets of observations' with current meter and velocity 
rods went on simultaneously. In this! way while the ■ velocity' : rods 
gave one value of the discharges the current, meter gave two or more 
values. The ultimate object of all such velocity observations being 
the calculation of discharges, it was' thought' advisable to compare 
discharges as observed by current meter _ and' velocity rods simul- 
taneously. If the velccih of flow at a certain point of the channel 
could bo observed b} the velocity, rod and the current meter at the 
same lime then the metliod of comparing velocities would have been 
ideal. As it is physically impossible to do this, the following method 
was adopted for observing velocities with the current meter aud the 
velocity rod simultaneously and then calculating "the discharges over 
the period of observation. 

The stretch of the canal selected for carrying out these observa* 
tions was properly berm trimmed for a distance cf 500 feet upstream 
and do\^'nstream of the central section. > Pive wire ropes were stretched 
across the channel as shown in the sketch below : — 



The centre line was meant for current meter observations 
hence it was provided with led pendants and a subsidiary viie at «2 
distance of 10 feet for holding the boat. The other wiies weie at 25 
feet and 50 feet ujistream and downstream of the central line. The 
50 feet upstream wire was provided vvitli a subsidiaiy wire for holding 
the boat from which the volocity rods were released. Pendants (red) 
•wcro attached to all the five wres at the same points as the central 
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lioe. On bolli Mdr^ of fiich icd pcndjint pondintb were fixed 

at a diflance of 1 foot to 1 'fi foot. It wos found by practice that wlnlo 
releasing %elocity rod, tl^o rod had to l)o kept at least 3 to 4 feot 

tipslriMiii of the f50 fcH)t np'streani wire, otliorwiFO while erossing tho 
fii4 ups:trc.ini win* the motion of the velocity rod ^^as not steadjv 
Timing was started wlien the setocity rod crossed the tust upstream 
wine. Tho (inu“* of cro^sint; by tlio rod each of tlio wires ut 25 feot 
cpstrcaui, centre, 25 feet downstream and 50 feot downstream w'oro 
noted hy an ovei^eiT. If the rod in passtiiit the wires happened to stray 
beyond tho (wo wliile marks for tho particular rod pendant at which 
it\s-as droppud, the run was rejected, Tho rod was recovered from tho 
^ater at al)t)ut 10 feet (hjwnslreiain of the 50 feot dow’nstream wire. 
Throo good runs were ch‘ained for Ciicli pendant point. The gauge 
at site was noted after ohservations for each pendant point were com- 
pleted. Observations witli the current meter were carried out on the 
central line ‘iud were started from the left of tho canal, ^lien the 
current meter velocity observations across the section were finished 
from the loft by one evorsoer, tho current meter velouitj- observations 
'iferc started from the right b 3 ' the o\oiseer wdio had previously been 
canying out ^ elocity rod observ ati(,ns. Thus after every sot of current 
meter velocity observations tho overseers were interchanged but the 
observations proceeded without any loss of time. Current meter ob- 
seivations wore carried cut until the velocity rod observations were 
completed. 

From tho above it will be seen that tho comparison was really 
between the discliaigo that was flowing in the canal for a certain 
length of time as measured by the current meter and the velocity 
tod. Those observations wore carried out for two different lengths 
of the rod, *8 and *9 of the depths at different pendants. These ex- 
periments were carried out with Lacoj* Type velocity rod lent to the 
Institute. 

.dualpsis of Data — The results of these observations have been 
calculated and tabulated (Tables XljIV — XL VIII). As each run was 
for distances 100 feet and 50 teet, two values of the velocities have been 
obtained by the velocity rod for each pendant point. Corresponding 
to thoao two velocities Iw’o discharges have been calculated and called 
Q jQQ/ and Q ^g. Similarly whdo the velocity rod observations 

were being carried out the current meter observations were « taken 
twice ov'er the cross section. There are, therefore, two values for dis- 
charge by the current meter also. 

These data will uovy be analysed more closely. 

1. Ha^ubad Dislribulart/ — The depth m the cross section 
varies from 1 *7' to 2-05' and the average discharge is 21 cusecs. Cur- 
Tent meter observations show that the discharge was steady within 
2 per cent during tho course of each set. Discharges by velocity i- ' 



for runs 50 feet and 100 feet "were within 2 per cent of each other. 
Discharges by velocity rod for both *8 and *9' depths were higher than 
the dicharges by the current meter at *6 depth. The difference varies 
between 7 and 11 per cent. 

2. Lahhuana Disirihutary — The depth in the cross section 
varies from 1*7 feet to 2 '5 feet and the average discharge is about 
110 cusecs. Current meter observations show that tiie discharge 
was steady 'within 2 per cent diuing the course of eacli set. Di^cljarges 
by velocity rod for runs 50 feet and 100 feet were within 3 per cent 
of each other. Discharges by velocity rod '8 depth were always 
higher than those by the current' meter up to aboot 10 per cent and 
for *9 depth rod they were sometirnes more and sometimes less than 
those by the current meter. On an average *9 depth rod gives dis- 
charges very close to those by the current meters. ' 

3. Tarhhani Disiribuiary — The depth varied from 2*0 feet to 
3'0 feet and the discharge was about 190 cusecs. For '8 depth 
■velocity rod the discharges are less than those by the current meter 
on an average. 

' Hahh Branch — The depth varied from 2*9 feet to 4*2 feet 

and the discharge was about 400 cusecs. Discharges by the velocity 
rod of *9 depth are always less than those by a current meter up to 
about 5 per cent and for *8 depth velocit’v rod they are sometimes 
more and sometimes less, 

Gugera Branch~^he depth varied from 5*0 feet to 
7^0 feet and the discharge was about 1,700 cusecs. Velocity rod of 
» depth always gave higher discharges than the Current meter up to a 
Jmitof 10 per cent. With rods of *9 depth the discharges aie some- 
sometimes less than those given by the current 


Cmicliisioti Discharges by the velocity rod of *8 depth always 
gave higher values than those by the current meter at *6 depth. The 
maximum difference is about 10 per cent. It is not possible fiom 
these sets of data obtained to arrive at any regression between the 
current meter discharge and the velocity rod discharge- ( *8 depth). 

^ Discharps by the velocity rod of *9 deiith when averaged over 
at number of observations give the same value as that given by the 
current meter at *6 depth. But observations with '9 depth velocity 
rod are uot reliable as very often the bottom end of the rod touches 
the bed of the canal which is generally uneven. 

lieport on the waking oj the B. S. P. vipc'i and the amdysis of 
daily B. b, P. observations during the year 1940. 


The B. S. P. pipes were put in by 'Sir. Crump while on special 
•duty in co^ection with the waterlogging investigation during 1988 — 40. 
Begular observations of the ^yater levels recorded by these pipes weie 



ftartcd in tarly 1010. Tlic Inlluwiiig number of pipes wore pbserved 
daHy ford iff mnt Circles :~ 

' 1. Lower Clii'ii.ib C.uial 

i. m^eIi C.iiyil 
•b Upper Chtjub Cftn.%1 
4. liower IJ.iri Doab CounJ 
■3. Lower Clieiiib Can.il 

Aceo riling to Mr. Crump the^o pipes should record the true 
spring level nt tlie site nnd this should bo miaffected tlie piesence 
of the eanul or rainfall. Their only value lies in this supposed charac- 
teristic. If the j)ipcs do not sati^ify tliis criterion then- readuigs would 
be misleading. To determine whether these pipes satisfy Ciuinp’s 
requirements, tlieir daily readings have been examined and the results 
of the examination are given below. From this it will be seen that a 
number of these pipes apj)ear to he choked and others respond to 
variation in canal supplies or to rainfall. Tn order to be sure that the 
pipes that do not respond immediately to canal closures or rainfall but 
show some slight rise or fall were in order, arrangements were made to 
pump them out and test their responsiveness. The responsiveness was 
tested in the following way. Each pipe was filled with water to the 
top and then the water was allowed to fall. In the case of good pipes 
the W’ater went down veiy quickly, even in less than one or t^vo minutes. 
For pipes partially choked it generally took 15 minutes to one hour 
and for others almost completely choked it took between three to four 
hours. After this test, the pipes were pumped out and the test again 
applied. If the test after pumping w'as found satisfactorj'- the pipe 
has been classed as satisfactory from the point of view of recording 
water level. 

Lower Ciienab Canal Circle 

1. Khanki — Here the pipe reading varies with the river and 
not with the canal. The pipe is not recording the unaffected spring 
level. 

2.. Sagar — Here the pipe varies ^Ylth the canal and each lime 
the canal is closed the B. S. P. level goes down. Pain fall does not 
seem to have any influence on it. The pipe does not record true 
spring level. 

3. Chuharkaiia — Here the pipe readings follow the canal levels 
closely. Eainfall does not seem to have much influence. Tlie pipe 
does not record true spring level. 

4. Pacca Dajla — Here the B. S. P,. level is 15 feet below the 
canal full supply level and does not respond to its fluctuations. This 
pipe was, therefore, pumped out and the lesponsiyeness tested after 
pumpmg. The pipe was found satisfactory and is recording unaffected 
spring level. 
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' 5. There ’is‘'a diffeienc'e of is feet ’between the- 

B. S. P. level and the canal full supply level. ’ Canal closures are re- 
flected by drops in the B. S. P. level. The pipe does not record true 
spring level. 

6. Kot Ahviad Yar Khan — There is a diffeience of moie than 
-Oieet between the B. S. P. level and the canal full supply level. Canal 
closures have no effect on the B.' S. P. readings. Seasonal fluctuations 
are reflected veiy slightly by the B. S. P. levels. The, pipe appeared 
to be cholied. It was tested for responsiveness and it was found that 
'the water level went down quickly. On lo^\ biing the sounder it struck 
agj^st something in the pipe one inch below the water level hence 
no fluctuations in the water level were recorded. The nine is other^vise 
reliable. ^ 


-CC/iuda Yar — There is a difference of G to* 8 feet bet- 
ween the B. S. P. level and, the canal full supply level. Complete canal 
closures affec^ted the B. S. P. readings. The pipe appeared to be partially 
choKed. After pumping it was completely responsive, - The pipe does- 
not record true spring level. 


\ \ Lyalljpur — Thereisadifferenceof 45 feet between the B.S.P- 

canal full sujiply level. Neither canal closures nor rain- 
all have any effect on the B. S. PI readings. The pipe appeared to- 
be partially choked. As the water table -was too deep no pumping 
ouiu be done. The responsive test shoued that the pipe is partially 
c 10 'ed. It should be pumped out before it can be used. 


R « T>^i ^^^'*^”““^11016 is a difference of about 42 feet betw'een the- 
. k . i'. level and the canal full supply level. Canal closures or rainfall 
effect on the B. S. P. leadings. As the water level was very 
• ^ pumping could be done. Bespousive test showed that the 
pipe was reliable, and recording true sprmg level. 

'p Q Theio is a diffeience of 24 feet betw’een the 

. b. and full supply level of the canal. Neither canal closuiefl 
nor rainfall have any effect on the B. S. P. leadings. Eesponsive test 
, before punipmg showed that the pipe was partially choked. After 
reliable. Eeadings taken by the local overseer 
, appear to have been done carelessly. ^ 

R c is a diflerence of 33 feet between the- 

. * I supply level of the canal. Neither canal closures 

nor ramfall have any effect on the B. S. P. readings. Eesponsive test 
before pumping showed partial choking. As the water table was 
very deep no pumpmg could be done. 

4 u _ — There is a difference of about 44 feet between 

tbe a. B. P.'and the full supply level of the canal. Neither canal 
closures nor ramfall have any effect on the C. S- P. readings. Bes- 
'ponsivo te.st before pumpmg showed partial choking. As the watei' 
level was deep no pumping could be done. 
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13. Varya VI — Tiicie is a diffcience of about iJJ feet between 
the B. S. P. and full sjupply level of the distributur}*. Neither canal 
closoree nor rainfall havo any.elTect on the 13. S. P. leadings. Res- 
ponsive test before pumping s>ho\^ed partial chohing. After pumping 
the pipe appeared to be leliable and locoidiug tiue spring level. 

•1^. liucjnava — Tlnn is a difTerciioo of about 17 foot between 
the B. S. P, and full supply level c*f the eaual. There seems to bo somo 
flight response to canal tdosures. Rospousi\e tost before pumping 
diowed choking. After pumping the pipe was responsive. The pipo 
IS net reading true spring Ie\ol. 

15. TarUhani — There is a difference cf 3G feet between tlio 
B‘ S. P. and the canal full suppK lo\eI, The B. S. P. levels follow 
canal closures. The pipe is not reVording tiue spring level. 

10. MuridunUi — There is a different e of 36 fo(t between the 
B. S. P. level and distributarv' full supply level. Tim B, S, P. levels 
do not follow the canal cIgsuios. Responsive test before pumping 
showed partial cho Icing. As the water level w’as deep no pumping^ 
cculd bo done. 

17. jSIagncja — There is a difference of 20 feet between the 
B. S, P. level and tlistributary full supply level. The B. S. P, levels 
do not fellow the canal closures. Responsive test before and after 
pumping showed that the pipe was unreliable. 

18. Bachriamcala — There is a difference of 37 feet betweem 
the B. S, P. and full supply* level. The B. S. P. readings do not follow 
the canal closures. Responsive test before pumping showed that the 
pipe was partially choked. As the water level was deep no pumping 
could be done. 

19. KJiai — There is a difference cf 27 feet between the B. S. P. 

It vol and distributary full supply level ; but a difference of onty one 
foot between the B. S. P. level and the low^ost river level. The B. S. P.. 
levels follow the river verj- closely. The pipe is not recording true 
spring level. 

20. Sa7idia7nvala — There is a difference of 29 feet between the- 
B. S. P. and the distributary level. In 1941 there appears to be some 
response to the river. The pipe is not recording true sjiring level. 

21. SttUanptir — Theio is a difference of about 20 feet between 
the B. S. P. level and the full supply level. Tlie B. S. P. readings do 
net follow’ the distributary level. Responsive test befoie and after 
pumping shewed tlrat the pipe was choked. Tlu pipe is unreliable. 

22. Nahipur^There is a difference of 23 feet between the- 
B. S. P. and the distributary level. In the early part of the ymar the 
B. S. P.'did not respond to canal closure but a closuie on 24th October 
1940 for 12 days produced a marked drop in the B. S. P. level. Res- 
ponsive test before and after pumping showed that the pipe was choked 
‘Riy pipe is uureliablt;. 
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iu ^ Haveli .Q^nals Circle m i :,i 

I 1. Trmmw— There is' a‘ difference -of 8^to.‘4 feet between flie 
•canal full supply and the B. S. P. level,'’ The canal closures do not 
Jiaye any effect on the B. S. P. levels. Eainfall appears to’ have an 
immediate effect ' but the river level seems to be the predominating 
factor in determining the B. S. P. level. The pipe is not lecording true 
spring level. ' ’ ^ , . - . , ,t, . 1 ' » 

Upper Ciienab' Canal ' • - - ‘ 

]. Mardla — There is a difference of abcut 3 feet between the 
highest B. S. P. level and the canal level and a difference of 5 feet 
between the B. S.- P. level and the river; level. The B. S. P. levels 
do not follow the canal or the river. • Responsive test before pumping 
showed that the pipe was partially choked. After pumping the pipe is 
loliable. ^ ^ ^ , i 

/2. Khainhnamvala — There is a difference' of 6 feet -between 
the maximum B. S. P. level and the canal level. The B1 S. P. level 
follows the canal closures. The pipe is not recording true spring 
levels. ‘ 

. , 3, Sangowali — -There is > difference of 11 feet between the canal 
full supply and the B. S. P. maximum level. The B. S. P. levels do 
not respond^to canal closures nor to rainfall. Responsive test before 
and after pumping showed that the pipe is recording true spibig 
level. , 

. 4. Gujm?m ala— There is a difference of 13 feet between tlio’ 

highest B. S. P. level and the canal lull supply level.* The B. S. P. 
pipi does not seem to respond to canal closures nor to rainf.iU. Res- 
ponsive test before and after pumping showed that the pipe is i^" 
liable. 1 

5. Badoratta—Tli^ie is a difference of 11 feet between the 
highest B. S. P. level and the canal level. The dram is about 4 feet 
higher than the highest. B. S. P. level. The B. S. P. level is unaffected 
by canal closures but is affected by rainfall. Responsive test 
before pumping shovved that tire pipe was partially choked. The 
])ipeis unreliable. , ^ , 

, 0. ChicJioki Malian — The difference between the B. S. 
the canal full supply level is 4-5 feet. The B. S. P. level responds 
to canal supply. It is not very sensitive to lopal rainfall. The iiip^ 
is not recording true spring level. 

7. Mangkimvala—Hhexe is a difference of 15 feet* between the 
B. S. P. level and the canal full supply level. The B. S. P- leyel 
not rospond to fluctuations of tho cuniil supply* Rosponsivo test 
before pumping shovved that the pipe was partially choked. Aftei 
pmnping it is reliable. 

8. Banighar — There is a difference ot 17 feet between tla^ 
B. S. P. level and the canal full supply level. The B. S. P. lo'®^ 
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not to i'.uial (■lt’'‘Uro nor llui h>ciil r.iinfall. lJo3pousl\e tesk- 

befoK. tli.U lUi' pipo i? lurti.’vHy c!\r-koil, Atter pump- 

ii«il tdiuhlc. 

Lownit Haiu Do ah C.wal Chicle 

1. BnUoh — Tlu*n‘ a dilTcreiKa* of J foot betweon the D. S. P. 
lf\tl and tlio laiial full Mipply level. They follow each other verj' 
closely. Tlio re.‘*|)onse of llio P. S. P. lo\eN to loc’al rainfall is not very 
marked. Tlio pipe docs not rcccrd undij'turhed spring lo\cl. 

2. Halo— llieio is a difference* of II feet between tlie B. S. P. 
Ifiel and Iho canal full su])ply level. TIio B. S. P. lo\ el responds quicklj' 
to canal supply level. Tlie* pipe does not record true spring level. 

3. il/oMfgo»ir/r»/ — There is a differeiico of 33 feet between the 
B. S. P. and the canal full supiih level. The B. S. P. levels do net 
respond to canal fluctuations or local rainfall. There is a sudden- 
cliango ill the B. S. P. level between iGth October to ICth November 
1940. This must be duo to some change in the measuring arrange- 
ment. Bespoi:si\o test before and eit.j pumping showed that the pipe 
isch.divd. The pipe is unieliablo. 

4. — Theio is a difference of 18 feet between the B. S. P. 
and the canal full supply level. Tlie B. S. P. level responds veiy 
slightly to canal fluctuations, but not to local rainfall. The pipe does 
not record true spring level. 

Lowek Jheluji Canal Cibgi.e 

1. Sargodha — Canal levels were not plotted. The pipe was 
reported by the Executive Engineer as being choked. It has been 
recently taken up, cleaned and put back. Eesponsive test showed 
that the pipe is working now satisfactorilj". 

2. Faqmnan — No B. S. P. observations were taken duimg 
1940, Responsive test before pumping showed tliat the pipe was 
partially choked. After pumping it was responsive. 

Conchision — In the attached Table XLIX these pipes have been 
classified as — 

(i) Satujaciory, i.o. they indicate the true B. S. f. level. In 
this category thoie are two classes of pipes, — 

(a) One that has been satisfactory from the veiy be- 
ginning. 

{h) the others that weie choked previously and may 
provf satisiactoiy now after pumping if observations aie carried 
'on for some time. 

Tliis class includes: — 

(a) Pipes Nos. 9, 26, 27 ; 

(b) Pipes Nos. 4, 6 (ii the obstacle is lemoved), 8, 10, 11 
12, 13. IG, 17 18, 21, 22, 24, 30, 31, 34, 3G and 37. 
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• . ’ ' ; . . -Haveli . Canalp Chicle ^ > ;,i 

' 1 /it difference.W'8'to'4 feet bkwe6ii the 

-«am) full supply and the B. S. P. level.- The hanal clhsS dt idt 
haye any effect on the B. S. P, levels. Rainfall appears to’ have an 
immediate effect - hut the river level seems to be ffm predominatii* 

fprin^re/ef ® nc.t?rcfrT4 S 


Upper Cubnab Canal ’ • ' • * j 

hic^hest^ B difference of abcut 3 feet between the 

between t7 a difference of 5 feet 

Between the B. S. P. level and the river level. The'B S P levels 


the ma^^nium'^R^T difference of 6 feet between 

foHoWbP 7nn‘l The B. S. P. level 

levels. ' osutes. The pipe is not recording true spring 


full supply find the B S of 11 feet between the canal 

not rSmWn noli 1 ®* maximum level. The B. S. P. levels do 
and after nnmninrr ^ rainfall. Responsive test before 

level. ^ ^ ® showed that the pipe is recording true spiing 


highest^*B ^ difference of 13 feet between the' 

pif doesnot The B. S. P. 

Iiousive test hefon and^^’afto? closures nor to rainfall. Ees- 

liable. ^ -^fter pumping showed that the pipe is le- 


bighest B.l^ p.^'^ewl difference of 11 feet between the 

higher than the hi^liest R S p Tilt dram is about 4 feet 

by laual ctaiei W The B. S. P. level is unaffected 

before pumping showed \hat , rainfall. Responsive test 
^ipeis unreliable. partially chohed. Tht 


the canal f^H^sunniv^levJl Tbe difference between the B. S. P. and 
to canal supir^T/i.^n ? The B. S. P. leveh responds 

'is not lecording true spring rainfall. The pipo 

B'. S. b ‘ ^ difference of 15 feet between the 

not respi^d The B. S. P. level does 

before pumping showed fh^f - supply. Responsive test 

pumping it is iliaK \ ^ 

B S I^'luv^? difference of 17 foet between the 

&. 1 . level and the canal full supply level. The B. S. P. level does 


nu lofi^cnd lo I’.MuI t nor tho local rainfall. Iloj^pon-'ivc toat. 

before puinpin^j ^lonNcd tiuu ihv pipe is parlially dif kciK After puinp- 
in^T ii i(hivltle. 

Lowkii Baui Do a 11 (’axaU Ciuclu 

1. Bnlloh — Tliera a dilTcreiicc of J feet hclwcun tliu JJ. S. P. 
Jrtti aiid thy tanal full MjppJ}* leiol, Tlio}* folfow o.uh otiitr vxrj' 
closely. Tlio rtvpciibe of tlio 13. S. P. to local rainfall is not very 
marked. Tlio pipe dc(s not nccnl un(li.''tnrl)f cl s])nn;: level. 

2. Hala — llieio is a dififerunce of 11 feet lietvvocn (he 13. S. P. 
Ifvel and Iho canal full supply lev i*l. Tiio B. S. P. lo\ el responds quickly 
fo canal supply level. Tlie pipe does not record true spring lovel. 

3. A/on/gonir/rf/— Tlurc is a dilTercnce of 33 feet between tho 
B. S. P. and the canal full siipplv level. TJie B. S. P. levels do net 
respond to canal fluctuations or local rainfall, Thero is a sudden- 
change in the B. S. P. level between IGtli October to IGth Nov'eiubor 
1940. This must be duo to some change in the measuring arrange- 
ment. Bespon^ive test lir fore amt rlt^i pmnping «bowcd that the pipe 
is ch*>kid. The pipe is unieliablo. 

d. BeiiaJa ’ — Tliero is a differenco of IS feet between tho B. S. P. 
and the canal full supjih- level. Tlie B. S. P. lev^el responds ver 3 '‘ 
slightly to canal fluctuations, but not to local rainfall The pipe does 
not record true spring level. 

Lower Juelum Canal Circle 

1. jSargodhu — Canal levels were not plotted. The pipe was 
reported by the Executive Engineer as being choked. It has been 
recently taken up, cleaned and put back. Responsive test showed 
that the pipe is working now satisfactorily. 

2. Faqumaii — No B. S. P. obsi rv\ations were taken diinii" 

. 1940. Eespensive test before pumping showed that the pipe was 

partially choked. After pumping it was responsive. 

Conclusion — In the attached Table XLIX these pipes have been 
classified as — 

(i) SatUJaciory, i.e. they indicate the true B. S, I. Jo^eJ. Jjj 
this category thoie are two classes of pipes, — 

(а) One that has been satisfactory from the very be 

ginning. 

(б) the others that were choked previouslj’ and mar 

prove satisfactoiy now’ after pumping if observ'ations aie carriel 

on for some time, 

Tliis doss includes : — 

(a) Pipes Nos. 9, 26, 27 ; 

(b) Pipes Nos. 4, 6 (it the obstacle is removed), 8, 10 li/ 

12, 13. 16, 17 18, 21, 22, 24, 80, 31. 34, 86 and 37. 
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. . > , .j > . , .-HAyELi;gANAL3 , Circle ^ > ;.i 

' ‘ 1 /n ^ ^ '3'to'4 feet between 

^anal lu)l supply and the B. S. P. level/' The canal closut^dS t 
have any effect on the B. S. P. levels. Rainfall apVarno^f^W a 
immediate effect' but the river level seems to be ^he predominatin' 

Upper Ciienab Canal’ ’ • ‘ • 

liiffhes/'R ^¥“™i“ 7 ^j‘sre is a difference of about 3 feet between th 
betwel the B S ^ “ difference.of 5 fee 

*,• ®- ‘■'“‘i i'“* “'’er The'B. S. P. level 

loZ tlnTthfnZ Eosponsive tost before pnnipid; 

leliable. ' partially choked. After pumping the pipe i 

the ma^^iimm "" difference^ of 6 feet ^betweei 

folVw.1 e /■ The B. S. P. leve 

levels. ' ^ osaies. The pipe is not recording true spring 

full supply^S^^ths V^S of 11 feet between the caiia: 

not resDond ni,. 1 ' ievel. The B. S. P. Ie^eIs dc 

and after iinmninfr P ^or to rainfall. Responsive test bofort 

level. ^ ^ ^ showed that the pipe is recording true spriiE 

highest B ^ difference of 13 feet between the 

pm doefnot llVf. iovel.*’ The B. S. P. 

pomh e test befon and^''??f or closures nor to rainfall. Res* 

liable. after iiumpmg showed that the pipe is le* 

highest B. difference of 11 feet between the 

higher than the highest B i ^ 

hy <anal closui^r Lt t B- S. P. level is unaffected 

before pumping showed that , rainfall. Responsive test 

jiipeis unreliable. P^P® partially choked. The 

the canal B. S. P- and 

to oanai suppi;“PPlly>™ S- E- love). responds 

is not lecordfng true spr?ng lev^. ’“Pol rainfall. The pipe 

B". S. P. levd^an^fho^P ^ difference of 15 feet between the 

not respond to" flueZuoi i'f ' ^i““ ®- S- E- level does 

before pumwinrr fw^?i supply. Responsive test 

pmnpIngTFs rfliate P'P® 

B S P^'luwl ‘iiS^tence of 17 feet between Ibe 

&. 1 . lovol and the canal full supply level. The B. S. P.' Ie>el does 




Of these pipes the following: — 8, 11, 12, 1C, 17, 18, 21, 22, 
34 have to be taken out and cleaned properly before they ^\ouId 
'be able to respond to the changes in the water level. They are 
choked and could not be improved by pumping. 

(ii) The rest can be declared as useless for the purposes for 
which they were put in. From this it will be seen that onlv the 
pipes at Tawmi, Sangowali and Gujranwala had been behaving 
as true B. S, P. pipes. Observation of the water level records ot 
these pipes for 1940 will be examined in detail now. 


Pipe at Tawan JRest House — The B. S. P. level attains its maxi- 
mum value m October and its minimum in Februaiy. The difference 
m level is about 2 feet and takes place gradually from February to Oc- 
tober— so that the rise is spread over a period of 8 months while the 
tall takes place m 4 months. < 


Pipe at Sangowali Pest House—^hi) B. S. P. level attains its 
maximum value m September and the minimum in April. The diffei- 
eucQ m level is about 5 feet and takes place gradually up to the end of 
July and then suddenly goes up by J feet. Here the rise is spread 
over a months while the fall is more gradual over 7 months. 

Pipe at Gujranwala Rest House— In this case there appear to be 
^nd March and another over 
Si TP minimum being attained in the month of 

about 2 feet between the maximum and minimum level is 

fhfl B. S. P. pipe seems to be peculiar for 

Sntmimii^lv^ Y is going on 

continuously. The two humps may be due to pumping 

Taw.iii f^i^gowali Best House and another at 

Boat) the nno situated almost at the two ends of the Bechna 
rnfr’ * 1 4-1 ^ being very close to the loot hills and being in a 

than the second pipo.^ The prlXs^of^tl ®?l^be 

followod n.ore all tlieTp" " 

.'c.mtimu.d:-‘“ of the-iollomng pipes W b® 

wd/‘janiwah‘varv^f“v'^T^ Lyallput, Taweii, Wu»d- 

jaia, janiwala Var^ am, Mundwala, Sultannur ' Nabinur Mara a, 

. aSd^Jfogiuy BaTag^r fen«la. 



Tho pipo.s at ihu following places I)a\o (o bo tabeji out, 
cleaned anil pul back beloroob'-orvalion^j can bo started : — 

Lyallpur, Janiwala, Muridwala, Sultanpur, Xabipur, Bach- 
riaimala, ami Magnoja. 

Experiments on Seepage Discharge Jrom ennuis into drains anil 
nee Versa — The laws of hcepago Ilow from ibo canal to a drain or 
from a drain to a caiialliavo iH)t been m) far worked out inatbomatically. 
Though the laws will follow Laplace’^ Eipiatioii as tJio How* is in a 
saturated porous inedium, f*'*-'*"* surface uoiinecting tho canal 

to the drain is of an unknown conliguration it is not possible to apply 
the method of conformal transformation to tliis jiartiuular problem. 
A very specialized case of seepage from a sloping spring level to a 
-drain has been worked out by Hopf (Jicithchrift fUr Angewaudte^Iatho- 
matik und ilechauik, 192 if- Dacliler bad also tried to solve this 
problem by combining experimental results with theoretical analysis 
(“Ober die Versichening aus Kanalen ”, “Die AVasstrwirtschaft” 
1933). As iiouo of these inetlioda lead to any satisfactory solution of 
tho problem it was desired to set up a series of experiments in w’hicb — 

(1) heads comparable to those found in nataie could be 

tried ; 

(2) the distance between the drain to the canal would be 
such that for the highest head tried tlio drawdown produced by 
the dram w'lll not affect the seepage from the canal ; 

(3) the flow* from the canal to the drain could be easil3* re- 
versed to that from the drain to the canal ; 

(4) the effect of the impermeable bottom will not affect the 
stream lines. 

A reinforced concrete tank wdioso internal dimensions are 
20' X 2' XlO' was built and filled up wuth sand that was sieved between 
two definite grades. Samples were taken from every 6 inches of the 
depth as the tank w*as filled and analysed for average diameter size 
and transmission constant. The average diameters varied from *28 
to *32 mm and the transmission constant of a mixture oi all the samples 
was determined and found to bo *00035 feet/so. at 20'’C. A number 
of pressure pipes eacb } inch diameter were installed at different 
points ot the medium. This is shown in Pig. 207. It will be seen that 
a lino of straight pipe 8 feet long were arranged as a central row* No. 1 
in tho tank. Tlie eleven pipes nearest to the canal were perforated 
tho whole length so that they w*orked as strainers. They wore spaced 
at 6 inches intervals. After this 3 pipes were spaced at intervals of 
1 foot and had strainers to a height of 2 feet from the bottom. The 
remaining three pipes w*ere spaced at 2 feet intervals and had strainers 
only at tho bottom. The last pipe was almost touching the drain. 
Besides these there were three row*s of pipes with strainers at the end — 
one row* consisting of 6 pipes completely below the bed of the canal 
Row No. 1-A ; another row also of 6 pipes at the comer between tho bed 






seepa\ 




U2 

and the berm (Eow No. IB) and the third row of 11 pipes half way up 
tho berm, Eow No. IT. These pipes were bent and brought up on the 
surface. A pair ot straight edges run along the top of the tank from 
which water-levels are measured by means ot a special arrangement. 
The E, L. oi the straight edge was 10. 

The row No. 1 served to indicate the free water surface connect- 
ing the canal to tho drain. Eow No. lA, IB and II helped to draw 
the equi-pressure lines below the bed of the canal. Two eases of drain 
levels with the same canal levels have been plotted in the Pigs. 208 — 
209. The canal level was the highest that was available in the model. 
Two cases one %vith 1*493 feet and another O* 028 feet heads have 
been shown in Fig, 209. The free surface with the highest head 
6 *028 feet shows kinks which are duo to the high draw’down induced by 
the drain. 

These experiments have been arranged in the foUow’ing way : — 

(1) Canal bed level fixed. For different canal' supply levels 
the head from the canal to the drain has been varied from about 
1 foot to 7*5 teet. For each head the discharge, temperature and 
pressures were observed. At least seven to eight heads w’ere 
observed for each canal level. It has been possible to do two canal 
bed levels B. L. 5*0 and E. L. 6*0 up till now. 

(2) Canal bed level fixed. For different drain supply levels 
the head from the drain to the canal has been varied from about 
1 foot to 4*5 feet. "With the canal bed level fixed at E. L- 5*0, it 
is not possible to have any higher head. 

It is well known that the viscosity of water diminishes with the 
rise of temperature. Hence at higher temperatures there will be more 
discharge than for lower temperatures, other factors remaining steady. 
Hence discharges in all these cases have been reduced to 20®C and 
have been expressed in cc/sc. These have been tabulated in Tables 
L— LI and plotted in Fig. 209. From this figure it will be seen that 
the discharges from the canal into the drain follow the following 
relationsliip : — 

Q20 = C.h 

where h is the head in feet and Q is cc/sc. Similarly the discharge 
from the drain into the canal follows the same law. 

Experiments under different conditions are being continued. 



HQ. 7.09 

UOOCL OM SULMAOt FOtf CAMAL TO PJIAtfi A VKM V£/fSA 



q /M cc/sc 






WtQ.2.09 

UOO£L HXPMfMUCr Oft tt^PAtUt POP CAffAL TO MAfH YfCS VZPSA 



<1 /M ccjso 
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' TABLE 

STATEMENT GIVING THE VALUES OP P/^Q, B/Q*3« AND THEIR PERCENTAGE 






PKBIOP OBasKVEI) 

E«ikl 

N*. 

Caiiftl 

Cbanoel 

R.D. 

From 

To 

1 

Lower Cheoab 
CauiL 

Hafizabad Distributorj 

3,050 

^ October 1933 . . 

1 ; 

January 1939 

t 

Ditto 

MaiD Lino Upper . , 

t 137,600 

1 

January 1933. . 

February 1939 

> 

Ditto 

Main Line Lower 

1 149,000 

1 ' 

October 1933 .. i 

Frbniary 1939 

•i 

Ditto 

Jhang Brattcb Lower . . 

i 

111,700 

July 1936 

Mardi 1939 

• 

Ditto 

^ DhaoIarDistributarj .. 

12,000 

Ditto .. 1 

1 

Ditto 

» 1 

Ditto j 

Mian Ali Branch 

9,500 

No\ ember 103+ 

April 1939 

1 

Ditto 

RaUi Branch 

1 

7,260 1 

Ditto 

i 

Ditto 

* 

Ditto 

Jhang Branch 

i 

7,260 

1 

i 

Ditto 

1 

Ditto 

» 

Ditto 

Mam Line 

161,000 

1 

i 

January 1935. . j 

Jlarili 1937 

10 

Ditto 

Udhoki Distributary . . 

1 

2.500 

May 1937 

April 1939 

11 

Ditto 

Gugiana Dietnbutaiy 

1 

7,345 

September 1933 

March 1039 

]X 

, Ditto 

Sarangwala Distnbutaiy 

i 

6,300 

October 1933 . . 

Ditto 

11 

Ditto 

Jhang Branch . . 

1 

111,700 

Ditto 

Ditto 

14 

; X»H« 

Khai DutnbuUxy ,, 

4,943 I 

Ditto 

1 

October 1434 


N.S.— V denotM peianU^e **»»«•■ 
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TABLE;-, ^ 



1 . 



1 Period Jl)b>eb\iii 

S«ra) 

Xo. 

Cinal 

Channel 

B.D. 







• Fttiia 

1 

To 

15 

Lourr Cheuib 
C-lQItl. 

Xajrana’Di'trihut.irj , , 

3,-27o 

October 1933 

O«lol>erl934 

16 

’<■ Ditto ' 

Jatnnl •Taiti 

I . , ' 

2,300l 

Ditto 

Ditto 

i; 

Ixjwtr Jbrliim 
Cki»]. 

Khunan Distnbutsij- 

3.100 

Fcbrnart 103G 

Au,;u3t 1037 

IS 

- Ditto 

PinJi Di>tribiit»rv , , 

l,550j 

Ditto 

Ditto 

19 

— 'Ditto 

KhatiYan Di'tnbtitJrr .. 

5,020 

Ditto 1 

5Iarrh 1937 


• - Ditto 1 

Xortbtm Branch 

' 227,l\0 

I 

Ditto 

Aepust 1937_ ^ 

21 

• Ditto 

Ditto 

210,100 

Ditto 

1 Ditto 

!• - 

22 

Ditto 

Ditto 

204,200 

Ditto 

Ditto 1 

23 

Ditto 

j Bnrala Di^tnbmary 

... i.'w 

Ditto > 

Ditto i 

1 { - ’ ' 

24 

Ditto 

Xorthcm Branch Cjifer 

Xorthrrn Branch LoirrT 

27i.C(.pO 

Dcfteiber 1936 

Anpnrt 1936; ,, 

December 195P* 

25 

''Ditto 

251,500 

Ditto 

.1 

26 

Ditto 

^Sillanvali ^ 

7,000 

Julj 1&35 

Ditto , ^ 

27 

*Ditto 

B. U.(S , ^devaU 

, 163.000 

September 1033^ 

Jannarf 1936 

23 

D.Uo 

X. Ik D.,S., Ltidcvnla . . 

170, :S9 

Ditto 

i 

Ditto 


VdraotcjptrteEUg«T»rlitioa^ 



Ui* sMia «f 4S<<b*ODel«. 
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PjSIOD, 0881BTID 

S«ria] 

No. 

' Canal 

, 

, Channel , / 

B.D. 

'From 

" 'to 

i9 

'Loyfer Jhelum 
Canal. , 

B hek JDi Btribu tary 

1,500 

September 1933 

JanuaiyJldSO • 

10 

3>itto 

Sulki Branch 

2,300 

October 1935.. 

DecembrrJ193ii 

: »l 

Ditto 

Northern Branch T.ower 

73,500 

I > 

February 1935 

June ! 936- ; 

. *52 

Ditto 

^lithA XaftL Distributary 

4,000 

1 Ditto 

Ditto 
• (- - 

1 33 

‘ Ditto 

Fatehpiir 
. 1 ' f 

10,200 

1 Ditto 
! “ •’ 

April 193*5 . 

31 

Ditto 

Southom Branch 

102,500 

Sqitember 1933 

November 1 1I4S> 

35 

1 Ditto 

1 

Kirana Distributary . . 

!• 

2,075 

1 

October 1933 .. 

Deceanberjl 934 " 

,,38 

Ditto 

I..alian Distnbutary . . | 

1.350 

Ditto 

November 1W4*'' 

_.37 

Uppw Ban Doab 
Canal. 

Ahiral Diatributaiy . . j 
(.< f . 

1,500 

Fobruaiy 1934 

Febniary lo|6< 

38 

Lotrer Ban Doab 
Canal. ^ 

Main Lina 

115,000 

March 1938 .. 

\ 

November 1938^ 

, r 

Ditto 

Dhimniwala Distnbutary 

18,500 

Ditto 

July. 1936 ! 

40 

' Ditto 

Jandvala Minor 

3,050 

Ditto ' , . 
i' 

< November 

j 

m"* 

Ditto 

Mam Line , , 

93,400 

! . 

Ditto 

( 

Ditta ' 

' ■ 1 

> 

i 

Bithind Canal 
Cl^.. 

Akhaxa Diotrihutary 

9,050 

Jhiy 1936 

1 

June 1938 I 


do&ote* pm»nt«8* 







XXHI— concl u d ed 
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TABLE 

.SHO^MXG THK AVKUAGB VALUB« OK THB ni.SCIIAIJOi: K LEM ENTS foR 




i 


RtKioii OBaViirm 

•ScTial 

0*nMl 

Site 

Xkiiu iirciiiiiipl 

From 

j 

To 

1 

L'jwir Cliciiab 
C&na.I. 


(La fi/ a bail Di'-tiiliii. 
t.arv K. D. 1 flUJ, 

October 1933 . 

January 1939 

- 

Ditto 

Do 

^r. L. V 

U. 1) 

.Taiiu.ary 19 }7. 

Ki'briian 1919 

3 

Ditto 

Do. 

.M J. L 

11. D. Ul) ltd 1 

Octobir 19.13 .. 

Ditto 

4 

Ditto 

Ta.,.„ . 

r R. L 

11. D 111.71)0. 

.Lily 1935 

7rnr.li 1939 

A 1 
■ ! 

Ditto 

Do 

Dbaiihr Di-lribiitary 
12.000 

Ditto 

Ditto 

e 

Ditto 

Xatitiana 

Mi.aii All Ilraiirh 
11/34 to 3/37, J.S.'iO/ 
9,500 (4/.37 to 4/30) 

Xovciubi r 19 14 

April ll'3J 

~i 

Ditto 

Do. 

I’alvll IlraiKh 

7.2CI). 

Ditto 

Ditto 

A 

Ditto 

Do. 

.Tbiiim Ilr.uiih 

7,2fJO 

Ditto 

Ditto 

*♦ 

Ditto 

Do. 

Mil ill I.ior ISl.OOQ 
.7/37 to 10/37. 

.Lu,M.xTi 1937 .. 

itijrili 1937 

10 

Ditto 

. I>'>. 

IMlo Ul DDiiiliutirv 
2 4'u,'j.’n.> in/;t7 
to 4/,4'l). 

M«v 19 17 

Ai*|jl 1919 

11 

Ditto 

Knt KIlluU. 

H Dutrlot* 

tan 7, ’14.7 

.Si.toiiibir I935» 

'I lull Dm 

la 

Ditto 

Ditto 

Karaii_.\niJ.i Distnliu- 

OrloUr 1018.. . 

Ditto 

13 

Ditto 

DittiJ 

.JbariL' Ilia Dill 1 

221,000 

Ditto 

Ditto 

14 

Ditto 

Ditto 

Kliai Di'tribiitnry I 
R. 1). 4,<ll.3. 

(Kli.lior 1911 .. 

Oitolm 1934 
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TABLE: 




1 


PaWOft-OBSEKTEO 

S«iU 

Ko, 

Ctiniil 

Site 

Name of Channel 


To 

15 

Lower Chen&b 
C&nal. 

Kot !Khiida> 
yar< 

JJasr.ma Distribu- 
tary 3,275 

October 1933 . . 

Oetober 19Si 

IS 

Ditto 

Ditto 

JanialJatti Distribu- 
tary 2,300. 

Ditto 

Ditto 

17 

Lower Jhelojn 
CahaI. 

BaraU 

Khuiun Distributary 
3,100, 

February 1036 

Augnat 1937.' 

18 

Ditto 

Do. 

Pmdi Distributary 
1,550 

Ditto 

Ditto 

1» 

Ditto 

Do 

Kbatiran Distribu- 
tart' 5,020. 

; Ditto 

1 MAtcU 1937 

2U 

Ditto I 

Do 

! X Branch i 

n D 227,000. 

Ditto j 

August ISST" 


Ditto 

Do 

N. Branch 

U D. 210,100 

Ditto 

Ditto- 

J2 

Ditto 

Do 

N. Branch 

U D 204.200. 

Ditto 

Ditto- 

23 

Ditto 

Do 

llurala Distributary 
n D 1.700. 

Ditto 

Ditto 

24 

Ditto 

XIatigoBiiai 

N. B U. 

11. D 272,600. 

Deambcr 1935 

December 1937 . 

25 

Ditto 

Do. 

X. B. J>. 

It. D. 231,100 

August 1936 .. 

Ditto 

tfl 

Ditto 

Do. 

JsiIIanuali Diatnbu- 
larj' 7,000. 

July 1010 .. 

Ditto 

31 

' Ditto 

LuJewkLt . . 

X, It. U/S. Lude- 
wsU 103.000. 

September 1933 

January 1^®' 

:ij 

1 Ditto 

. Do. 

X. B. D/8 

170,289. 

Ditto 

DttW 

““ 

— 

- 


— 
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TABLE 




1 

! 

l*KUtOD Oll4KRV»l» 

X.* 

'Wnal 

Sll- 

1 

Niimt' ol <‘li mill 1 1 

1 

I’n'iii 

To 


.1 hi turn 

' C'jd.il. 

i ^ I 

l.tri'itMli .. 

It’ll k Di'.tninii in 

* Si'|itoiiilH'r lyu 

Jaiiiian I'Wd.. 

1 

30 


Du. 

.''olkl Itirtliih 

1 

thtolxr I'tU .. 

1 

IK-t n.Ur I'tJj 

31 

Ditto 


It I. 

It. D. 7,t.:K*0. 1 

1 

roioiiin iyt.'» 

Juno hurt 


Ditlii 

Do. 

Vlltht l.,.ik Di-trihu- 
turji 4,tHM) 

Ditto 

Ditto 

.13 

Ditto 

Do 

K.itili)>iir Di'lriliii. 
t.in Hl.iOi). 

Ditto 
t • 

.Vivii 1036 

34 

Ditto 

Diillrtjmr . . 

Noithiiii Di..iM(lt 

102, -Hitt. 

j .Vj»l*'titl>i'r 10 >3 

i ( 

NovoiiilK'r 1034 

. 1.1 

Dttto 

Do. 

Kiiiiii.i ]>i>ini)iitiin 
-M57o. 

1 Dt lo'u r iy.U . . 

DdoiiiNr h’U 

36 

Ditto 

Do 

Uili.iii DiMtihiiiiirv 
l.7lHt. 

Ditto 

X'otouthtr 1014 

37 

U,>p.r n.ri 

l>mlb ('aiu!. 

Ali».il 

.MimaI Di^tiihiitir^ 

iVhiU.ir} 10.14 

>VI)|ii'*r,V 10.16 


lUri 

Ituali ('ni]»|. 

Kl1okll^^ . . 

.M L.‘ - 
K. D llo.tKXi. 

Miii,liDt.lS .. 

X.n. iiiN r 10.« 

30 

Ditto 

IK 

Dhiiititiii.il.t Di'tri. 

hiitart Jjs’iOO, 

Ditto 

July ll'.l> 

40 

Ditto 

Do. 

Janili.tln 3Ilt)<>r 

;i,tk*>0. 

1 Ditto* .. 1 

Xoff wilx'r 

' 41 

Ditto 

Do. 

31. I. U. t> 

!>3,4IM», , { 

Ditto 

Ditto 


>iibiiitl C«oal. . 

1 

.\k>)*r« 

.Vk’inri Di-liihii. 

t*rx SVC41. 

.May DUG ’ 

Juno DISC 
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' TABLE' 

STATKMKKT SHOWIKQ BPFECT OF GILL LKVEL OF 



i 1 






EBQOLaToa 

Dkt« 








Una 

! 

1 

2 

3 

4 


6 

ll-7-tl 

CiU leTel of gates 

710-7 

710-7 

710-7 

710-3 

709-6 

709-6 

S*. m. 

Coarse tilt entering 
canal. ” 

0-0J2 

0-031 

O-056 

0-30* 

4.Terage 

‘ 0-420 

Hilt 0-134 J 

0-198 

grams per 

11.7-4V 

1 C»U leTtl of gates 

710-5 

710-5 , 

7)0-7 

710-8 

1 710 8 

!■ 

1p.m. 

! Coarse *111 enteriog 
canal. 

O'OJS 

0-042 

0'056 

0-084 

-4.V( 

1 0-U2 j 0-0.->6 

Tftgc 0-O5S grams ptr 

14-7.41 

j C>Ule%«lof gates 

710-3 i 

7V0-3 ' 

7io-e 

710-7 

' 7Ur7 

t 

; ' 710-3 

7 a. m. 

1 Coareesiltentenug 
canal. 

0-014 

0-021 1 

0-056 ; 

1 

1 0-070 j 0-084 

Aaciago 0*045 

0‘U84 

grdiEtiptr 

18-7-41 

CiU lerel of gates 

711-7 

' 711-7 

1 711-8 

712-3 j 

1 712-3 

j 712-3 

7 a. m. 

Coarse iiUeatering 
canal. 

0-014 

0-028 

' 0-042 

' o-ou j 

Afc 

[ -o-oii 

rage 0*017 j 

0*011 

per 

22-7-41 

CiU lerel of gates 

i 

1 711 6 

711-6 

711-6 

711-0 

7U-a 

1 711*0 

9-30 a-m-j 

Coarse silt catering 
canal. 

O-O-IS 

' 0-084 

0 056 

0-034 

Avc 

O-07O 

rage 0*049 j 

1 ' 0-042 

rramsper 

• 28-7-41 

Cill leTcl of gates 

710-9 j 

710-8 

710-7 

710-8 

710-6 

1 ‘ 

' 710-4 

»-4Sa.m. 

Coarse silt entering 
canal. 

0-011 j 

0*011 

1 0-014 

0*014 

Avo 

0-011 

rage O'Oll ; 

, 0-011 

rramsper 

31-7-41 

Ctll lerel of gates 

:09-9 

709‘8 

r 709«7 

709-6 

709'5 

i 700-4 

kO-lSa-m. 

Coarse Slit entering 
canal. 

O-Oll J 

0-011 

0-017 

0-017 

Arcr 

0-014 

age 0*013 a 

0-011 

rami per . 

31-7-41 

, 

CiU lertl of gates 

709-4 

j 709-4 

709-4 

709-5 

709-0 

' 709-3 

1-30 p-m. 

Coarse tilt enUcitig 
canal. 

0*017 

‘O‘021 

0-025 

0-014 

Atci 

0-014 

rage ailtO'O 

0-098 

1 

Ugrsmi 



I***! It?* ®| I « 
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STATEMENT SHOWING EFFECT OF CIEL LEVEL OJ 


11-7-41 I ClU loT«l of gates 710 '7 


8 a. m. I Coarse silt ciitenii|| I 0'0J2 


\ferflge «ilt 0*l34 gMm>t per 


11-7-41 jCi\lleTe\ of gates j 710*5 


0’056 O'OSt O'llJ 


Average 0 05S grams per 


14-7-41 I Cjlllevel of gates [ 710 "3 


7a.ja. I Coareesilteatenug 0'014 i 0'U21 
CAQal. I 


Average 0 "045 grams per 


18-7-41 I CiU level of gates 1 7H"7 ' 711 "7 


7 a. m. Coarse iitt entering 0'014 0"028 

I canal. j ' 


Average 0'017 grams per 


23-7-41 Cill level of gates 711-6 


•'9-30 a,m.| Coarse silt entering I 0*028 
I canal. j 


Average 0*049 grams per 


26-7-41 t Cill level of ‘gates I 


0*014 O-OU 1 . O'Oll 


31-7-41 j Cdl level of gates I 


:0-15a.m. Coarse Slit entenng 0*011 0*011 

canal. 



Average 0*011 grams per 


Average 0*013 grams per 


31-7-41 CrU level of gates 700*4 



Average silt 0*014 gr*®* 

















l‘J9 


XXVI. 

02-)EIlV.\HOX.S AT TIUMMU 

tttlCfi 


Tuniid 

iJischarcc 


Tunnel 


Nos-Tr.v- 

M.L riKKirr 


Ciinal Dis> 
charge 


Tunnel 

Discharge 


5*5 

21*4 

2S-0 

17-8 

24*07 

34*20 

21*74 

12*65 


38*6 
7a*j 
63 9 
54*4 
47*3 
23*0 
3l>-9 


23*03 






180 


TABLE. 



Rh cr 
Dischflrge 
upstream 


UrsTBBAM DmcimscE 


Dst* 

Pond Level 
4S0+ 

Noii- 

Tunuel 

Pocket 

Tunnel 

Pocket 

Canal 

Discharge 

AngBst 1941— 

105,004 

10-5 

6,350 

11,800 

5,355 

2nd 

73,980 

10-0 

8,70S 

12,801 

5.659 

4th ^ 

67.342 

10-0 

7,074 

12,960 

5,659 

6th 

67,407 

10-0 

7.074 

12,093 

5,697 

6th .. .. 

5C,9G3 

lO'O 

C,S77 

12,918 

5,697 

7th 

92,088 

lO'O 

7,939 

13,110 

5,697 

8lh' 

124,210 

10-0 

9,TS9 

12,909 

5,697 

0th 

105,765 

10-0 

12,062 

12,989 

5,697 

llth 

74.27C 

10*0 

8,152 

10,711 

4,700 

12th 

113,670 

10-0 

8,093 

.10,722 

4,700 

ISth 

85,129 

. 10-0 

7,910 

1 10,703 

4,760 

I4th‘ „ 1 

74,304 

10-0 

' ' 7,9S0 

10,749 

4,700 

ICth 

' 60,376 

lO’O 

7,420 

' 10,739 

4,700 

15th 

' " 65,796' 

’ 10*5 

‘ '‘7,102 

‘ t •12,502- 

5,645 

loth 

92,937 

' ■ 10*7 

^ ' 7,126 

12,552 

5,615 

20tU 

• ‘ 97,745 

10*9 

' 7,154 

12,059 

5,645- 

21 tt 

; ll 0,798 

’ 11 -0 

’ 7,115 

12,047 

5,645 

22nJ 

93,964 

11*1 

9,120 

^ 7,031 

1,200 

23nl 

72,603 

11*2 

S,0C.‘i 

7,543 

- 1,*200 

26th . . , . 

00.8.35 

11-4 

8,152 

.2,725 

1,200 

2Cth .. ,, 

07,260 

11 5 

8,136 

3,205 

1,330 ’ 

U7th 

6G,7aV0 

ire 

7,aS93 

3,20S 

1,330 

25th ■ ■ . , 

67,773 

11*7 

8,007 

3,*2G6 

1,330 

S«)>(txnUr 1941— 

1st .. ,, 

41,240 

12’0 

5.877 

11,372 

5.094 

2ad 

41,249 

12-0 

6,877 

11,372 

5,694 

3rd • • * » 

63,807 

12*0 

5,910 

11,313 

5,634 

1 th • « • a 

S0,l.'>S 

12*0 

0.0D2 

11,311 

5,631 

6lll •• a* 

52,148 

12*0 

7,053 

10,126 

4,749 

G *1 a • a a 

40,122 

12 0 

.V.‘31 

l>,3» 

4,749 
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TABLE XXVU 

allied OBSLUVATIONS at TRIMiia HEADWORK8 (RIGHT UNDERSLUICES) 
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TABLE XXVUl 

J>TATI.\1I\1 S1UIV\1N<; THI. W H! Will » K <i! niH>l KJ.H Ml.l.s TAKhX UtOM 
lHi:i.UT AM* Ilii.HT HH KJ.ls \T ir.IMVU; imXliUUISKij .\M> HA\ I:LI MAIN 
I.INK AM* U XM.I \ n t .VN XL 


1 

Lttt Vi 

H kLl 

lln.llT PutVCT 

llAtrlt 
.Mam L....- 
It l>. 

n«ii:;]..tr 

Canal 

It. 11. 2,54 V 

lut« 

11* t 

lU, 

lu* 

' 1 

|U\ 








a<th 1 

;:v. 



.“>47 


•3:.7J 

21*1 



3471 


•2T(.r. 

•3310 

-n.l 


•31*6 

3JII7 

24111 

•3347- 

23rl j 



.■U>.'i7 

lUU 

2577 

•3064 

=10. j 

riT.- 


3.V.2 

312* 

•2523 

•K.HJ 


JV.n 


T.t6 

3325 

2492 

•3551 - 

270. 1 


3*34 

3211 

•2469 

3396. 

1 

2&il. 1 

•_-7nJ ' 


•3'. -.2 

14 47 

2408 

•2421 

jyti) 

3*.i: 


33411 

:.949 , 

2334 

3483 

3l>t 

Jlsu 


•361 

•3245 

•2739 

3549 

June IDtl- 




, 



4*.h 

Jt4>’i 


T.lt. 

■3073 


•,1590 

5tli 

• M > . 


3451 

3074 


-3055 

Gtb 

-2361 






7th 

• i< y* 



j * 



Utb 

2627 






lOih 

-2677 


•3367 

3319 


•3109 

llth 



2642 

3196 


•3079 

130. 

-2577 


•3U54 

-3107 

3489 

•3422 








13th 

-2b99 


•3271 

■3215 

2130 

•3367 

16th .. 



•3208 

•2872 


•3229 

23nl .. 

•3150 


•3501 


•1985 

•2973 

240i .. 

•3256 


•3242 


•1629 

•3085 

25lh .. 

•3158 


•3365 


•1825 

•3003 

- 26th .. 

•3245 


•3430 


•1783 

3038 

271b 

•3484 


•2973 



•3073 

28th .. 

•3226 


•3105 



•2931 

30tb .. 

•3018 


•3381 



•3056 


TABLE XXXH 

STATEMENT SHOWING THE' VALUE OP MEAN DIAMETER OF'BED SILTS TAKER 
. ' * ^ 1 ■ FROM SlDlINAI LEFT POCKET— BAY’ No. 5t I • ' 1 -'t ) 




i.i - .1 -.t 

- - - Date 

} 


AAI. 

mm 

AM. 

lOlliMay 1!}|1 

1 

•]393l 

19tlt June 1041 . . 


■1683 

2Sth' August 1941 .. 

•0981 

12tli May 1041 


•laOJ; 

201h June 1941 .. 


1069 

27th' August 1941 . 

•1265 

13Jh May 1941 

L‘ 

‘••“•174Sl 

23rd June 1941 • 


•154f^ 

29th August 1941 .. 

f • -1282 

14tU May 1941 

1 

f- 

•1071 * 

24tbJuue|941 .. 


■1038 

Ifct September 1941 

•1742 

IStli May 1941 

1 

^.,;1449 i 

26th June 1941 


-0939 

3rd September 1041 

•1279 

16tli Slay 1941 

1 

■1584 j 

28th Juno 1941 .. 


-1524 

5th September 1941 

•1293 

loth May 1941 


•1S07 1 

30th June 1941 .. 


1704 

lOth'Septeiaber 1941 

•1010 

20th May' 1941 


louu’ 

2ucl July 1941 


2010 o 

12th September 1941 

/ ^1467' ■ 

21(.tMay 1941 

t ^ 

1075 1 

4th July 1941 


2061 

ICth September 1941 

.. -1120 

22nd MayJ94l 

i" 

. i 

7tL July 1041 


16^^ 

ISthpeptember 1941 

•1385- 

23rd May 1941 

!■■ 

1709 1 

9th July 1041 


1542 

22iid September 1941 

•1187 

24th May J941 


•1C98 i 

11th July 1041 .. 


1C5G 

25th. September 1941 

■0992 

26th May 1941 


•^•■■1730 ] 

14th July 1941 ‘ ' 


|l470n 

27th September 1041 

.,41042“ 

28th May 1941 


•1777 

ICth July 1941 

il713 

29th September 1941 

•0768- 

29th May 1941 

' 

•185J 

iKt July 1941 


1573 

1st October 1941 .. 

•0730 


1 


I'UJ' t 


Ch.'ll 


Ji -1 • 

30th May 1941 


‘”•1668 1 

_Mth July 1041 


1621 

3rd October 1941 . . 

■0911 

2iid June 1941 


•1806 1 

Jlith July 1041 


1536 

^ 7tli October 1941 .. 

■14GG 

3rd Jnso 1941 


• Ki43 ' 

26th Jiil.\ 1941 


1633 - 

^ 9th October 1941 .. 

'•1484’ A • 

6lh June 1941 


■1490 

.I'Hh Jill.; 1941 .. 


I52G 

nth October 1941,. 

•0710 

0th June 1041 

1. 

, -1527 j 

Jud .\ugu^^|l'>lJ .. 


1477 

15th October 1941 ^ 

•1257 

7th Juno 1911 


•1428 

4tl> Au.u>t 1911 .. 


1518 

17th October 1941 . 

•1180 

Oih June 1941 


•17011 

0 th \u'.Ti*t 1941 


I.77J 

19th October 1941. 

■0996 

loth Juno 1941 


• lorn 

llth 1941 . . 


)074 " 

ilbt October 1941 

•156<P 

11th June 1041 

\ 

•16JJ 

1 Itli .\UL'll.t l!i>l , 


09G0 

“23rtl October 1941.. 

•0902 

14th June 1941 


•19.14 

l-*>lh .\iii;imt 1941 .. 


11G8_ 

26tb October 1941 . 

, *1530' 

ICth June 1941 


•1949 

ITih Alls'll. 1 1') H . , 


11G6 

28th October 1941. . 

•1323 

17th June ton 


•167.1 

rjih 19tl 


i]3> 

30th October 1941.. 

•1354 

ISthJonciDll 


•1793 

JUl .\itgti.L 1941 .. 

08 18 

. ‘ 





TABLE XXXia 













TABLE XXXIV 

£>TAT^.Ml:^T &HOUIN(} 'Hli: MhAX DIAMUlEl!, AND C’ALCLLATDD AND AC'irAL SLOPES OF 





MAIN LTNE i,o\vi:n 


iSTATKMKNT SnO\MXQ TJIIJ MCAX DLVJIUTLU AND CALCUI-AIDD AND ACTUAL SLOl’DS <)l* UI’l'Nlt UCTOUltA jtitANcil 


Ml 



TABLE XXXVI 

STATEJIKJCT SHOWING THE ME.VN BIASIETER AND CALCULATED AND ACTUAL SLOPES OF LOWER GUGERA BRANCH 


142 




TABLE XXXVII 

STATEMENT SHOWING THE MEAN DiAMtTEU AND CALCULATED AND ACTUAL SL01*E« OK IJCIIALA DDANfll 











SrATKMnSTSlIOU LNUiIi:.VN DIAMKTUBCALCUIiATEU ANDACTCJALbLOl’ES Ul' JHANG UUANCll 1 1*1 BU 
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TABLE XXXIX 

STATEMENT SHOmNG THE MEAN DXAMETEli CALCULATED AND’ AOrUAL SLOPES OJMtl.VNO ItUANCli LO«'Ei: 
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TABLE XLli —CONCLUDED 
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TABLE XUII ' 


lUKU rmwcu-Mnvrm.v muskv of tiii: watkh ^JUIlFACEf'I/>l'^;‘^ 


V n. a 

4; 11 

•',41 

7/11 

9/41 

i 

11/41 



•222 



•22.1 

•220 




•105 

•20l 

•205 

•196 

15,UJU 


•11*0 

•180 

•lOS 

■195 

'178 



•21 it. 

•226 

•204 

•207 

•208 

3u,uw 


•2141 

■192 

•185 

•185 

•196 

35,WO 



•211 

•20S 

•220 

•210 

<K,UUU 



•135 

•123 

■213 

•130 

^3,0UU 


•100 


•152 

•163 

•150, 



•217 


•205 

•2<6 

•l20 

eo.uoo 


•258 


•254 

•273 


6-j.Ol.iU 


■2ti0 


•205 

•179 


Tmimu 

•• 

1S7 

-093 

•IJIC 

•162 


7j,000 



•18,1 

•187 

■173 


k'VHAl 


•IW 

■190 

•165 

1 . 

•107 , 

Sj.I)UU 




■132 

136 

132 

yit.wKi 




•210 



■j-V-oo 


•198 

•209 

•211 

•200 

200 

luo.w «t 


-222 


•227 



1U3,U0U 


-180 

■1C9 

•185 

190 

■1-4 

IIO.WJO 


•134 


■128 

•uo 


113 :<uo 



■287 




115,0011 


171 

•213 

i -'jWi 

^ 200 

•I>2 

1^0.000, 

— 


- -205 . 

- *;192 

-jai 

*201 

125,000 




i -153 

•160 


130.000 



•182 

•144 

•I4C 


135,OOJ 


•175 


•191 



140 WXI 


•157 

•155 

•2S9 

•ISJ 

•160 

145.00U 


•164 

•171 

•IGo 

•167 

-.71 

r-.'CK.o 


f *171 

•173 

•It.l 

•131 

•179 





±U£i 


TAB1£ j XLIII-j^oonoluded 
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TABLE XLVI 

STATIJMUNT OFDJSCIIAltaJ^OUMJKVATJONS AT 1M». lUSTjaiJiriAia . I'J Jt <•|•ll|{^^T^IJ.TJ.n AM» 



TABLE XLVII 

6TATEMKNT OF Dl.scItAHGU OBSERVATIONS AT R. D. 235,000, BAKU BRANCH, AMTH CURRENT llETER ANl) 

vklocitv rod 





S222I22S22?. 






xw 










IGl 

TABLE U 


Disounon rnou diuin nrro clval 


Ud I*Tcl 

No. 

1 

1 

Prtia 

leTfl 

1 

UMd 
la fnt 

1 

1 

CWoiI Ua« 
f>cx4(ar» In 
CcaU^rade 

ia 

R.L5-0 

1 

9-769 1 

O’STO 

■1 

7 y 


2 

i 

I-J50 


y/j 


3 


i-:oo 

24-0 



4 


1-093 

H-n 

h, •) 


5 


2-749 

2M 

.t -i 


C 


3-368 

. 24>i 

> / f 


7 


4*435 

yii’i 












SrATlSTICAL SKCTIO^i 


Tlic investigations v\orc carried out during tlio year under the 
/oUowiug beads: — 

(1) Analysis of I’rcsaure Pipe Ob.'orvations at Ferozo-* 

j>< ro jleadworks. 

(2) Prcs.-ure Pino Ob.'-ervations for the Depressed Bays 

of Blnni Weir. 

(3) Design of Works on Clay or Sand‘~CIay Foundations. 

(I) Gated Flow in Undersluico Models. 

(5) Moan Vc’locit3’ and ilean Silt Points. 

(G) Sauii)ler Vs. Sampler (Suspended Silt). . 

(7) Rolling Silt Observations at Tibri. 

(8) Lacey’s Basic Regiino Theory, 

pJ) The Best Flow Fonnula. ’ 

(10) Design of Regime Chamiels. 

(II) Diffoience between Shock and Deviation from Regime 

for a Channel in Alluvium. 

(12) Rugosity Co-eiBeients on Lined Channels. 

(13) Silt Entry into Canals as affected by the Supply and 

the Regulation at the Headworks. 

(Id) Slit Surveys. 

(15) Relation between Clay per cent of a Soil and its Capacity 

for Absorbing Water. 

(16) Effect of Soil Factors on Yield of Wheat. 

(17) Changes in Thur Area in 8 Districts of the Punjab. 

(18) Factors Affecting Area Irrigated. 

(19) Lay-out of an Experiment at Jaranwala Farm. 

Besides the above, the following which were in the nature of 

advisory studies was also carried out 

(20) Estimating the Thickness of a Floor at various points 
on the Profile of a Work. 

(21) Correlation between Rainfall at Quetta and Water- 

Supply at XJrak. 

ANALYSIS OF PRESSURE PIPE OBSERVATIONS AT 
; « ‘ : '-r, FEROZEPOBE .HEADWORICS 
'All the 29 bays of Ferozepora Weir are fitted with pressure pipes 
which are observed twice a month. The results are forwarded for • 
examination to the Institute. The observations from Idth June 1940 ’ 
to 15th J^e 1941 were analysed during the year. 

At first the individual values of the percentage residual head' 
for each pipe were examined. These showed a lot of variation' 



during the period and so it (the period) was divided into sub-intervals 
(separatelj^ for each bay) in each of which the values appeared to be 
more homogeneous. The sub -intervals were so chosen*, that there 
were at least 2’ observations in each group and that there were not 
more than six groups for any bay. The values in each group were 
averaged for each'pipe separately and' the values of r, the ratios of the 
average values of ^ to the theoretical values were calculated. 

These averages and the ratios r yere studied and discussed 
separately for each bay in a note. 

If r was constant in any group for all the pip9S of a bay, it was 
concluded that the portion (1-r) of the total head H, was being, cut 
o£f by the silt blanket upstream and the bay ’ was recording’ pressures 
in perfect agreement with theory.'^ If, however, the ratio mcreased from 
one pipe to the next, it, meant that the gradient between the two pipes 
was datter than it should be according to the theory. But if the ratio 
decreased, it meant that the gradient was steeper. , ^ . 

The discussion of the individual bays is not being reproduced, 
but ^^nly the main conclusions are given below ^ 

(i) Bays 25, 26 and 29 mdicate the possibilities of cavities. 

. (li) Bays' 1',’ 19,’ 21', 27 and 28 show a' fiat gradient between 

I pipes 7 and 8 and require watching. The other bays that show a 
flat gradient to a lesser extent are bays 2, 3 and'd.i . 

(iii) Pipe No. 3 which is situated at the corner of'jthe down- 
stream' face of the 1st, I line of, sheet piles with, the floor, generally 
records higher (or equal) pressures than pipes 1 and 2 in bays 8, 
12 and 13. This might be due to cracks in the bays^ extending up 
to pip 9 3, jUuless it is choked. , In the case of bay 8, the jlatest obser- 
vations'shdw a return' to 'the normal ' condition'.* ^ ' 

(iu) Pipe No. 2 which is situated at the comer of hie upstream 
face of the' 1st lino of sheet piles with the floor ' generally- records 
higher values than pipe 1 in bay 17. , Provided the pipe is not choked, 
cracks aie indicated ■ ,, , i ; ri'' ’-' • ' 

> (tj) Pipe’No. 2 in bays 1 and. 2 and pipe 1 in.bay .4 ^should be 
tested. . ,, , ( 1 1 . ; t.i" . no 

' 'pressure pipe OBSERVATIONS FOB THE DEPRESSED 
BAYS OF ISLAMIVEIR. ‘ 

U. o/.nl I'. Ii , . ,, ■ v; - , ^.1/ 

The pressure ' pipe, obsorvjitions'for/bays/ 11, 16 and 21 for the 
period April 1938, to December iQ^Oj-weio analysed last year and ore 
menlioncd..in..tbo annual report.of tUb, Statistical Section for thh year , 
ending April 19,11 v As a result of the, analysis; it , was, recommended-, 
that the pressure pipe data (for the pipes proposed to bo put .in) might 
bq accumulated .and bo examined tq verify ^jtho , analysis givbu in the 

Hwri/i.. '•> Jet .. I .( .o.; ut.k., 
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This . rccommcndattoH was accepted by Uio Cbic£ Eugiiioor 
apd the Superiiitcudiiig EngiiictT, Nili Bar Circle, was iuatructed by 
bin to supply tbo pressure pipe observatioua every mouth to tho Ro- 
search Institute. The data (or May, Juno and September ^vero re- 
ceived and examined during tho j’oar. 

It wag seen that all the bays where pipe No. 1 had been observed 
showed a greater drop of presburo than that expected on theoroticat 
grounds. The reason for this might bo that when tho bays originally 
numbered 11 to IG collapsed in 1921), the depressed bays were built 
•on the debris which could not bo taken out. Tho soil below the sec- 
tion of tho bays between ])ipe 3 9 and 10 was likely to bo much denser 
than (hat upstream. This would account for the greater drop of 
pressure between pipes 9 and 10. This, however, would not endanger 
the safety of tho weir. 

The fall expected, allowing for loss ol bead at entry and calcu- 
lated on tho assumption that the sub-soil was homogeneous, is com- 
pared below for each bay with the actual fall between pipes 9 and 10. 



1st 5Iay 1941 TO 30TII 
Joe 1941 

4TH SETTZUSm 1941 TO 
Cm SETTEltBER 1941 

llTH SepTEMBEB l^Ul 

27tii September 1941 

Hay No 

n 

Actual 

Fall 

Ex)>ected 

FaU 

Actual 

Fall 

Eijieclcd 

1 i'all 

Actual 

Fall 

Expected 

Fall 

11 

1S*8 

0-3^ 

19-7 

! 7 s 

18-0 

6-6 

14 

14-2 

S3 

1C 2 

1 10 4 

17-2 

’ 90 

16 

14’9 

7-5 

12 5 1 8-8 

14*6 

7-4 

IR 

10-8 

7-S j 

14 3 

1 88 

16*1 

7-7 

20 

13 5 

8 0 

12-6 i 9-2 

14-6 

8 0 

21 

17-9 1 

1 7 8 1 

1 

17-7 

' 9-4 

17 8 

8-1 


■N.R . — ^The expected fall hae been calculated by multiplyinf: the avcra;:e >alue& of (be 'per- 
eenURe residual head for pipes 1 to 9 by the difference inpho theoretical Talues of d betvreen pipes 9 
and 10. ' 


DESIGN OF WORKS ON CLAY OR SAND-CLAY FOUNDA-" 

M - .1, , TIONS • 

,r The design of- works on clay or sand-clay foundations were 
discussed in a note prepared for the Eleventh .Meeting . of .the 
Research Committee of, the Centra^ Board of Irrigation, July 1941. 
The summary pf the conclusions is given below 

For.works on permeable homogeneous clay soils the 
- design-should^be 4ia R sand were sul^stituted for’ clay. 'The,uplift 
, , for a work formed) , by a door and a toe pile can i be found graphi- 
j,,.callyjfor any point bn'tlieflppr j for’more complex profiles, the rules 
in Centra^ jBoar^ of ^gatjoh ydblicatipn ;^o. 12, may^ be, 'followed. 
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'/ V . Tlio depth 'of too pile, d,‘ which for' adj profile,^' will give- 
l'\a grtvdicnt Gr^.jyitli a Head'H, jand'dopr^lpd^th'L'^^ for- 


. inula~ , 


a.. 


10 H‘ 


il5 G^'.. 


'li u i-iii i‘.‘' 
<> nliiU 1 I t 
' *!< .• .../ 
l')l‘ iv'' J. 1 ’ 

< u’j \ '1 .a’l . ! -■ 
i: I. 


V. i' (m)*Tho range for gindicats >fort‘pormeable clayey .soils, 
formulated- 'by IGiosla — J to 1/5— rgives too wide a lauge for d, 
loltv would be advisable to dink G iuoro closely with tho properties 
1 ‘ of the clayey soils. ' - i..i. ; 

(ir) As tho peimcablo clay is liable to at least tho same erosion 
as sand, the likely scour d/s of a work on sach a soil may ibo such 
'* as to icquire a lower value of G in design than 1/5- 
* ' “'(b) (i) For works on iuipermeable clays, the need for a cut-off 
under the crest, recommended b}’ Khosla, is not apparent, os with no 
flew m the clay, there is no danger of piping. 

(ii) If the impermeable clay is liable to scour, the cut-offs 
at heel aud too must bo provided to^ prevent slipping of tho 
masonry into scour holes. 

(c) If the work rests on a mixture of sand aud clay, tho design 
should bo the same as for a work on fine sand. 

(d) (i) When the work rests on a sand layer underlam by- 
clay below which again there is sand, Ivliosla’s rules should bo fol- 
lowed : (I) Drive u/s pile into clay but not through it, (2) Do not 
drive d/s pile into clay , 

(\i) In dobigning the d/s tloor, remember that if the u/s pile 
leaks, the pre5suK'> will go up considerably. 

(c) (i) For -a pileless floor vesting on sand of finite depth 
under lain by infinitely deep clay, tho conditions are similar to those 
• in D’Arcy and Clibhorn’s experiments, if the depth is small com- 
pared to floor length. The pressures along tho tloor tend to fall 
linearly except for rajiid losses at entry and exit. ^ , 

(ii) Tho Creep Tlieory whilq fonmilaliiig tile faw’ of linear 
fail of pressure erred in omitting to see the relative suuilhiess of sand 
■' depth in D’Arcy and Clibboni’s experiments as compared with works 
’it'testing on very deep sand. * 

. IP t \yorij 3 ojj sniid of finite depth! Khqsla’s rule may bo 

followed. The u/s pilo goes into clay, tho d/s doesuotl -/ 

if tho'woik^ rests dn'a thick layer of clay, below which 
‘■’ there' is sand, tho \ 

*’‘h)ono. 'If the' Inyi 
ton’d : hut' 'allow anc 
' inadtl in finding tho 
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GATED FLOW IN DNDERSLUIOB MODELS , 

The correct estimation of disebargo passmg through a given 
undcKluice bay— with a given opening and a given level of water in 
the liver — is necessarj*, among other tilings, for a proper regulation of 
flow in the river, and of eill entry into tlio canah Experiments wore 
carried out in the Hydraulic Laboratory to find, by means of models, 
the dependence of the di&chatgo through on undcraluico, on tho various 
hydraulic elements and ratios which are usually considered as charac- 
terising the flow under gated conditions, ^ ^ . 

Deiaih oj Eiycn’mcnt^ — Tho experiment was carried out in 
one of the flumes, the width of which was 3’6\ This was also tho 
■^dth of tho orifice throughout the entire series of observations. Tho 
length of tho flmno upstream of tho gate was sufficient to ensure 
uniform flow towards tho gate line. 

The height of the opem'n", 0, was varied by fixing the bottom 
cf tlio gate at different levels. With every given lieiglit, tho discharge 
'Was so adjusted that the depth, H, oi the water upstieam cf the gate 
was a multiple of tlio height of the opening. 

Tlib discimrgo, 0> through tlie orifice uas estimated by passing 
the stream o%er a specially calibrated weir placed in the flume. The 
weir gauge w%vs lead and the point corresponding to the gauge reading 
on tho discharge gauge calibration curve (experimentally determined) 
of the weir was taken as tho value of tho diseliarge. 

The temperature of water w'as also observed. It was found to 
be sensibly constant throughout the entire series of experiments. 

In all 52 observations were taken. 

Formula connecting (?, H and 0. — Tho values of Q w’ore loga- 
rithmicallj’^ correlated with 0 and H. It w'ns seen tliat the correlation 
was very high. (*9988) and that it led to the formula — 

Q = 18-753H *0 .. (1) 

The values of Q calculated from this agreed to withhi 3-1 per cent 
with those actually observed. 

Tho range of vaiialions of the iiuUcc's of II and 0 was calculated 
from the theory of jnobability. It was found that (ho range tor tho 
index of H included the value *5000 but (bat hr tlio index of 0 did 
■ not include 1 *0000. 

The Dischaigv Co'eJjicicnt — ii utis eliown by dinieii.xicnal ana- 
lysis that C, the dis-cjiarge co*i Oicienl (as unually dolhu dj was dependont 
on B/H (B being the width cf urilW')> G/U, U (lU\suc.ivl*s« number) 
and P (Froude numberh For ihe uiVcu dnia I lie dcgive of dipendciico 
of C on B/H could not be ovahmted oului! to (he eou'^taiicy of B and 
tho consequent absorption of (liu (’Ifeiit of JJ/H 111 (hope of U ahd l'\ 





V‘ 
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The values of C were next rorrelated vith V, H and 0. The 
correlation was high. * (*9967) and the resulting formula was : 

.•89,99, 2.? 450 ,Q :^*8564 , 

t -It was deduced, that : . ! \ ^ \ i ; .i , , m ", / ; 

d '=;e -85M.. ■ ■ 

■ '<wher0 K =,0/H.,, ‘ i , . , , 

’ The' apparently low^ degree of dependence of the ’discharge 
coefficient on the Reynold’s number was explained by showing that : — 

^' 1 ' 

This relation is independent of any changes in other’elements — 
such as roughness of bod, width of opening, Reynold’s number, etc. 
tor the simple reason that it is an algobraio identity. , 

MEAN VELOCITY AND MEAN SILT POINTS 

Infrodiicfory— -The point of moan velocity on a voitical of a 
channel, I.O., the point on a vortical whore the velocity equals the moan 
of the velocities o?i that vertical has boon previously determined and been 
found to he near about -G of depth on the vertical. Similarly the 
point of mean silt intensity of a vortical, i.e., the point wdiero the in- 
tensity of 81 It m suspension equals the moan of the silt intensitios on 
that vertical has previously been determined for the central vertical 
for a number of channels and found to lie nearly at -GD. 

• object cf tlio piosout investigation was to dotermino a 

point on the central vertical of the X-section of .i cliannel where the 
Buspendod silt t^ontent was such that its product' with the discharge 
would give tho total floating silt charge of the channel. The suspended 
fim \ satisfies the abovo criterion may bo termed as the 

JMliiilJN BiLi and the point on, the central .vertical w’hero the content 

CENTRAL VeScA^^^^ ‘MEAN SILT POINT ON 

As the calculation of the mean silt point involves the determina- 
tion of tho discharge or, what comes to tho same thing, of tho moan 
velocity of tho channel and a Itnowledge of the volccity distribution 

VELOCITY POINT ON THE 
OLNiRAL VEltllCAL (i.e. tho point on tho central vortic.il where 
tho velocity equals the mean velocity for the whole section) was also deter- 
mined. * 

Silt and Velocity O&jcruatioiis. — On fivo \orticals of each of the 
following channels observations were made at ovoiy ono-tonth of depth 
from ’ID to *8D (or to *70, if tho total depth at tho point of .‘sampling, 
was less Uian 8*y5 os in this case the sampler touched the bottom of 
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channel) for dotcnninalion of silt tii suspcn'sion under tlio diroc- 
iionsoltho MaUjematiral Officer. Simullanoous ohsiTVationa for doter* 
Dunation of velocity wort* aUo made a( *10, *20 *90. 


Name Chanml 

B. D. 1 

N timber td OIim-t- 
^ at ions available 

Uwer Gugtr.i Br.vnch 

G,0«0 

21 

^«raJa Brandi 


21 

All Brandi 

U5,000 

1 23 

Shah Kot Distributary 

12,000 

■ 17 

Khurriauaala Distributary • . 

o,000 

23 


The calculations were done for G cbsen'ations of each channel, 
30 observations in all and the mean silt points ■wore^ determined 
W medium silt only, i.o., the silt which has particles lying between 
‘075 mm. and '2 mm. 

Tlie results showing mean velocity point, mean velocity, mean 
^ilt point and mean silt are given in Table LII. Table LIII gives the 
averages of the values in Table LII. 

Concluswis — The results show that the mean velocity and mean 
silt (grade '075 to * 2mm.) points on the central vertical differ from 
channel to channel and the standard deviation for observations on the 
same channel for mean velocity point (M. Y. P-) is 'OiTD and for mean 
silt point (31. S. P.) is *068D. 

This means that if the silt sampling is to bo done bj’’ taldng 
one sample on the central vertical, we will have to determine the point 
separately for each channel and that the difference betw'een the 31- S. P. 
on any particular day and the 'average 31. S. P. (if the average is 
taken from a large number of obser\'ations) will not exceed '141) in 
95 per cent of the cases. The same conclusion applies to mean velocity 
except that in this case the difference between 31. V. P. for a particular 
observation arid the average 31-.V. P. will not exceed *090 in 

cent of the cases. 

. , ' ^ 

If for all tire 5 channels, the sampHng were to be 
on the central vertical (this is the average point for the 
the value of medium silt intensity obtained is likely to 
average silt intensity by mere than 10 per cent in 
number of observations. In the case of velocity, if 
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The values of C were next norrelated with V, H and 0. The 
correlation" wtis high. ^^(*9967)' and the resulting formula' was : 

tn/m p. uqi;o-i^ Q,Tr’*8564 , ... 

ui 1 1 } In '-1 1 . V. ^ r n n ' ' I ! t . r 

H, was deduced^that : . ) > ' > > .» r . ^ 


; ; vj > .r ' /-'O.Si R 

' '.where K =,0/Hn 

•'* ' The' apparently low degree of dependence of ' the discharge 
coefiBcient on the Reynold’s number waa'explained by showing that ; — 

■vt':'.".,;.' ■ fei’)* , 

t ... 


;*4504'' -8564“' • 

miK' , constant... (2) 


This relation is independent of any changes in other 'elements — 
such as roughness of bed, %vidth of opening, Rej'nold’s number, etc. 
for the simple reason that it is an algebraic identity. > 

MEAN VELOCITY AND MEAN SILT POINTS 
introducior 7/— The point of mean velocity on a veztical of a 
f on a vertical where the velocity equals the mean 

of the velocities o7i that vertical has been previouslj" determined and been 
foimd to he near about *6 of depth on the vertical. Similarly the 
point of mean silt intensity of a vertical, i.e., the point where the in- 
tensity of silt in suspension equals the mean of the silt intensities on 
that vertical has previously been determined for the central vertical 
for a number of channels and found to lie nearly at -CD. 

• i. the pieseut investigation was to determine a 

point on the central vertical of the X-section of a channel where the 
uspended sdt content vvas such that its prcduct mth the discharge 
wo^uld give the total floating silt charge of the channel. The suspended 
^^ovo criterion may be termed as the 
MEAN SILT and the point on the central vertical where the content 

S VbNTOAI, ““ POINT ON 

*• calculation of the mean silt point involves the .determina- 

tion of the mscharge or, what comes to the same thing, of the mean 
velocity of the channel and a knowledge of the velocity ‘distribution 

VELOCITY POINT ON THE 
0 NTRAL VERTICAL (j.e. the point on the central, vertical where 
fte velocity equals the mean velocity for the whole section) was also deter- 

Silt and Velodiy Observations.— On five verticals of each of the’ 
following channels observations were made at every one-tenth of depth 
from -ID to -p (or to ;7D. if.the total depth at the pbint of.sarapling 
was less than 3 'y5 as in this^case the* sampler touched the bottom of 
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the channel) for dclcnniiudon of fiH m susponMon under tho direc» 
uonsoMho JIafju‘inafira! Officer. Siinulfancous oh'jervnfions/or doter- 
mination of velocity wen* also made .at *li>, *20, *9D. 


Xanjo tif Chamul 

11. D. 

Nmnbt r <>f 01»>er* 
vatiojii iuailable 

honor Gugtra Branch 

G.OOO 

21 

BoraU Branch 

0,001) 

21 

Ali Braiicii 

05,000 

23 

Shah Kot Distributary' 

1-2,000 

17 

f^urrianwala Distributary . . j 

5,000 

23 


Tlie calculations were done for G obsenatiens ct each chaMOl, 
••e., 30 obser\ .atioiis in all and tlie mean silt points wore determined 
for medium silt onl}*, i.e., tlie silt which has particles lying between 
‘075 mm. and ’2 mm. 

Tlie results showing moan velocity point, mean velocity, mean 
silt point and mean silt are given in Table LIL Table LIII gives the 
averages of the values in Table LII. 

Conclusio7is — Tho results show that the mean velocity and mean 
silt ferade '075 to ’Smm.) points on the central vertical differ from 
channel to channel and the standard deviation for observations on the 
same channel for mean velocity point (M. V. P.) is ’0470 and for mean 
silt point (M. S. P.) is *0680. 

This means that if the silt sampling is to be done bj’ taking 
one sample on the cential vertical, we vvdll have to determine the point 
separately for each channel and that the difference between the M. S. P, 
on any particular day and the average M. S. P. (if the average is 
taken from a largo number of observ'ations) will not exceed ‘14D in 
95 per cent of the cases. Tho same conclusion applies to mean velocity 
except that in this case tho difference between Jf* V. P. for a particular 
observation and the average M. V. P. will not exceed ‘OOD in 95 per 
cent of tho cases. 

If for all the 5 channels, the sampling were to be done at *5D 
on tho central vortical (this is the average point for the 5 channels), 
the value of medium silt intensity obtained is likely to differ from the 
average silt intensity by mere than 10 per cent in nearly half the 
number of observations. In the case of velocity, if the observations 
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'are iaken at .‘‘7D' on , the central ^Wtical, the value obtained vnW differ 
“from the mean velocity’ bjVruore ’than 5 per cent in nearly a quarter 
*df the number of observations. 

SAMPLER Vs. SAMPLER (SUSPENDED SILT) 

Vdails of Samplwgs — Observations were carried out at B. D. 
1,600 of Upper Bari Doab Canal, Main Lint for comparing the Puri, 
-Binkley and Uppal samplers with the Bottle sampler. The last one is the 
standard sampler that is being used by the Institute. The descrip- 
tion of the other samplers is given in the annual report of the Mathe- 
matical Section for tho year ending April 1911. 

The samples were taken at a point 31' from the left bank^ 
Eor each sample taken by the Bottle sampler 6 fillings were taken and 
mixed together. First ot all a sample was taken by the Bottle sampler 
at *1D, this was followed by a sample by the other sampler (say. Pun 
Sampler), then another by the Bottle sampler followed again by the 
Puri Sampler ; this combination was repeated once again. Such sets 

of samples were also taken at ' 2D, *3D, ’dD, *8D making 

in all 48 samples per day. Observations for Puii versus Bottle sampler 
were taken for 6 days, for Binkley versus Bottle sampler for 5 days 
and for Uppal versus Bottle sampler for 3 days, . 

Analysis of Data. — The data were analysed by the method of 
the ‘Analysis of Variance’. This shqw'ed that tho variance due to all 
the primary factors, namely, sampler, dates and deptlis and- their inter- 
actions were all significant on 1 per cent level. It meant that — 

(i) The silt intensities pbtained by the bottle sampler and 
the other sampler were different. ' n ' . 

{ii} The differences between the two samplers (bottle sampler 
' and the other sampler) werip different at different depths. 

(fit) The differences between the two samplers at a particular 
_ ' 'depth were different on different dates. 

. . . O*’) variation in the difference between the two samplers 

, at different depths was different on different dates. 

The average values of the silt content obtained by the tv o 
samplers showed that at every depth, tho bottle sampler gave a higher 
silt' content than the Puri and Uppal samplers and a lower silt content 
(except at *1D) than the Binkley sampler. ■ ' ■ ' 

^ The next point to bo eonsideied was that of, the relative con- 
stancy oi'the two samplers. For this purpose,' the residual 
squares was split mto''two parts — tho portion contributed by 
bottle sampler and tlie portion contributed by the other sampj® • 
From* this the standard _ errors' within tho samplers were calculate 
and’ compared statistically. ' * 
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It wnfa found tliat : — 

(i) Tbo hUmliud crior in lliu cubo of Puri sampler wo3 not 
significantly difrurcnt fioiu that ul tho boUlo bamplor. 

(ii) Tlio bfandard error in tbo caho of tho Uppnl sampler 
was more than tliat of the hottlo bampler. But if tho sot of obBorva- 
tions for Mth September 1011 be omitted, tho two were not 
significantly differout. 

{Hi) The staildaid ciior In tlio ca^e of tlie Binkloy samplor 
^'a^moro tb.m that ui the bottle simpler. 

Below aio gi\en, the mean mU content (ih), the standard error 

o 

(o), and tho coelVu ient of ^ anahility (e. \ . = — X 100) for tho bampleis 

m 


(aveiaj^t* for all liepflit* and (Into) : — 



i 

til 




- 

V. 



If 

Bottle 1 
Sampler | 

1 Otliir j 
1 Sampler j 

Bottle 

Sampler 

Other 

Bottle 

Sampler 

1 Pun 

IJotUe 

1 097 I 

Id 

1 oir>8 1 

ons 

IG-3 

! n 4 

Sanijikr, 




I 




2 Binkle} tfttita 

Bottle 

1 -177 
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•E\claiiing obst r' ations at 8D for 14th Scpt^niLtr 1941 

Condusiom . — Tho Puii and the Uppai hanipleis gave a lower 
silt content than the bottle bamplei . Thu Binklej sampler gave higher 
values than the bottle sampler as fai as these observations were com 
cemed. 

‘ The results given by the Binkley sampler were more variable 
than those given by the bottle sampler. Wlii’c in the case oi the Puri 
and TJppal samplers, tho variability was of the same order of magnitude 
as for the bottle sampler. 

BOLLING SILT OBSEBVATIONS AT TIBEI 
A sampler for measiumg tlie quantity ot rolling silt has been 
devised by Dr. Bose. A description ot this is given in the Annual 
Eeport of the Slatliematical Section for tlie year ending April 1940. 
Some observations were carried out this year by the Executive 
Engineer, Gurdaspur, with the sampler. It w’as found that on all the 
days except one, the quantity of ioUing silt bad become constant 

before GO minutes, A curvq of the type V=a(l — be was fitted 

to the data for tho day when the rolling silt had not become constant. 
It W’as iouhd that the time for w'bich the volume w*ould bo 5 per cent 
of the limiting value was 2 hours neaily. If similar observations were 
to be continued, it wras suggested that the maximum period of obser- 
vation should be increased to 120 minutes instead of CO minutes. 


' are taken at ;* 7D ‘on the' central vertical, the value obtained vnW differ 
“ironi the mean velocity by more than 5 per cent in nearly a quarter 
/ of the number ‘of observations. 

SAMPLEB Vs. SAMPLEB (SUSPENDED SILT) 

Details of iS'a? 72 j)h‘? 2 SfS— Observations ^’ere carried out at K. D- 
1,600 of Upper Bari Doab Canal, Main Lim for comparing the Puii, 
Binkley and Uppal bamplors with the Bottle sampler. The last one is the 
standard sampler that is being used by the Institute. The descrip- 
tion of the other samplers is given in the annual report of the Mathe- 
matical Section for tho year ending April 1041. 

The samples were taken at a point 31' from the left banlw 
Eor each, sample taken by the Bottle sampler 6 fillings were taken and 
mixed together. Eirst ot all a sample was taken bj’ the Bottle sampler 
at 'ID, this was followed by a sample by the other sampler (say. Pun 
Sampler), then another by the Bottle sampler followed again by the 
Puri Sampler ; this combination was repeated once again. Such sets 

of samples were also taken at - 2D, ‘SD, ‘ 4D, , • 8D malung 

in ?i]l 48 samples per day. Observations for Puii versus Bottle sampler 
were taken for 6 days, for Binkley versus Bottle sampler for 5 days 
and for Uppal versus Bottle sampler for 3 days. . 

Analysis oj Data . — The data were analysed by the method of 
the ‘Analysis of Variance^’. This shqwed that the variance due to all 
the primary factors, namely, sampler, dates and depths and their inter- 
actions were all significant on 1 per cent level. , It meant that — 

, ^ , (i) The silt intensities obtained by the bottle sampler and 

,thp other sampler were different. , * i 

*' ' {ii) The differences between the two samplers (bottle sampler 

‘ and the other sampler)' wer^ different at different depths. 

(ill) The differences between the tw o samplers at a particular 
“depth were' diffeient on different dates. 

I ‘ • (iv) The variation in the difference between the two samplers 
at different depths was different on different dates. 

*' The average values 'of the silt content obtained by the 
samplers showed that at' every depth,' the bottle sampler gave a higuef 
silt' content than the Puri and Uppal samplers and a lower silt content 
(except at ’ID) than the Binkley sampler. ’ ' ' , ‘ ' ' 

The next point to he consideied was that of tho relative con- 
stancy of' the two samplers. ' Eor'this purpose; the residual sum o 
squares w’as split into' two parts — the portion contributed by t 
bottle sampler and the portion contributed by the other. 

Erom’this the standard errors' within the samplers were calculat 

and' compared’ stalisiically. ‘ t . ^ 
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forjU-ntion tl)nt tlu* luittt r rquorutn U coniplicnlcdt 

«d that it appeals to iw advantagu (At*r biinplei cquntioiiB. 
flo tbougLt that ‘if it i^ de.siri.d io replace {lie Kuttcr equation as 
closely as pofsiblo by an exponential equation, it is fiinily establislied 
beyond all doubt that the Manning equation is tho best suhstituto 
to employ. If, on tlio other hand, it is contended that both the Kuttcr 
and Maiming equations require sonic slight 'udjustuient by canal en' 
^ters when assessing the \aluu of N on largo eanals, then that ad- 
justment is best made by slight h' iiiodifying tho power of E, and om- 
ploeiug the Lca«Lacey equation instead’. 

Alter some discussion it was resolved by the meeting of tho 
Research Coimnitteo that ‘ The Bescareh Departments of different 
piovinces should examine the existing data from canals and rivers 
with a view to determining tho most probable or other relationship*. 

At the Tenth Annual fleeting, tho following suggestion wag 
approved by the Besearch Committee. 

“Fiom sinmItauGous values of V, B and S, tlie values of Kutter’s, 
Lacey’s, Manning’s and Banics-Forcbheimor’s N’s should bo calculated 
and the following studies carried out :• — 

(a) How far do these indices agree between themselvos ? 

(b) Do tho changes in these indices from channel to channel 
■ indicate a real differonco in condition ? 

(c) How do tho actual values tor nigosity compare with those 
' adopted for original design ? This will involve a study of the history 

of each channel m regard to le modelling, silt extraction from the 
parent or the channel, etc.” 

The Formulae Proposed for Investigation. sing initial letters 
of their autbo»^’s names as sufiSxos to distinguish tbe various rugosity 
coefficients, the formulae in foot-second units are : — 

= (1-4282/V) . b'”'^ S'^ 



= 3-622/^/ 2 

K + 7*244 Y + 

whore 

Z = V/(BS)^- 

-.11-6— -00281/8 

and 

i 

•00281 

Y =, (V/ES") 

•(41-G+ 


S' ' 


= ' 1-3458 

E ^‘S ^ ' 


' V 

';i ‘ 'mid-'' N = -i*4So8' . B^S “ ' ' 



V 
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LACEY’S BASIC EBGIME THEOEY. , 

,v'.f . ’.Inia note on ‘Basic Eegime Theory’ Ur. 'Lacey has tried to ex- 
plain “ a number of anomalies which arise in model work and a number 
of divergencies” ‘by the introduction of a new* variable E(5sP/W) in 
his basic equations. - • . ' 

' ’ ‘ ** His pievious basic formulae not involving were : — ^ 


‘p = Kv/q .. ' .....'(i)' 

and V = 16-05 (E^S)^ .. .. (2) 

These have been changed to — 

^ P = K Bv/q 

orW = KyQ .. .. .. (1') 

andV = 16-0o^ER^S)^ .. - .. (2') 


These formulae were tested on 17 Punjab channels to aee if 
(1‘) and (2') fitted the data better ^an (1) and (’2). In Table LIV 
are given the values of P/y^Q, Vf/x/Q, and their percentage deviations 

from their mean values. In Tables LV are given the values of 
o 1 ^ A 

V/(E S)^, V/(E E'S)® and their percentage deviations fiom the 
respective moans. ' > 

Table LIV shows that the maximum deviation of P/v/Q 
its mean is 19-1 per cent and that of W/VQ is 18-2 per cent. But 
the coefiicient of variation, which is a measure of the root-mean- 
square deviation from its mean expressed as a percentage of the mean 
value, is slightly lower than that of W/v/q", — the actual values being 
7 * 4 per cent and 8 * o per cent, respectively. 

2 -C j 

‘ The maximum deviation of V/(E S)"* is 18*2 per cent ana 
- ' 2 A ■ . *' 

that of V/(EE S)* is 17*4 per cent. The coefficients of variations 
are nearly equal, being 11-5 per cent and 10 '8 per cent, respectively. 

As the variation in the value cf B foi these channels is rather 
small (E varies from 1 • 03 to 1 * 18), we could not expect the old and the 
new equations to give wider differences. The data show tha^ for 
the 17 cbannela the average percentage variation of P/\/Q 
measured by the coefficient of variation) is somewhat less than that 
of ^V/VQ though the difference is not significant. It is now' proposed 
to find by the method of corielation on a larger set ot data if thb intro- 
duction of E improves tho correlation. 

’ THEBESTELOWEOBMULA., \ , 

‘Introductory. ’-'A note on the ‘Eeplacement ot ,,the, Kuttor 

equation by a simpler exponential formula’ ,, ,\yas .-presentedt by 

Mr.' Lacey at the Ninth Annual Meeting bt,tb 0 Eemrch Gomniittee of 
the Central Board of Irrigation held at SimU ip July 1939. r,- .Mr. Lacey .s 
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, Cqmpciriso)i oj N (iind for 42 regularly Observed 

Punjab Sites, year tlie analysis was confined to 'part (fl).of tli^ 
resolution 'passed at tjie Tentb Annua] Me'e ting of tlio EesearcU Com- 
mittee ot the Central Board of Irrigation, viz., How far do tho valuer 
of Nt and calculated from simultaheoua values of V, 

B and S agree* fit tween themselves ?" The data refer to 42 sites, 
regularly observed for a fairly ' long period and believed to be stable. 
The average values of Vj'R and S tor tlieso sites ore ^ven in Columns 
5—7 and of N,., N^. and' N,,. in Columns 8—41 of Table LVI. 

B K L M , 

Boi some of the sites th^' Values of N^, and N-. are plotted agaiuslj 

those of (Fig.’ 210). ’ . ’ \ ' 

. The' values ot N_', ’ N; - and N weie subjected to a com- 

B h. li ' , Jil' ' 

parative study in tho following manner 

.'(a) Mean Values for all the 42 Sites, — The mean values for tb4 
indices were calculated and it was "found that' for all •* practical 
purpose.s, these could be taken to be mutually equal and. to be not very 
different from ’0225. . > - , , ,i , i i 

(b) Standard Deviations oj Differences for loidividual sites. — The 
Y,alueSjO;l tho standard deviations (S. B) of , tlm. differences for various 
pairs of indices were all small, 'but the' smallest, by far, was that tor the 
S.^D.^of N — N_;., , „ , 

Xj J-V I ^ 1 ^ ' 

. V (c) Gqrrelgtions with other Indices.~^The correlation coefficients 
between tbe'pqssible pairs ot indices were calculated. Though all the 
cdrrtlations were high , the highe st ,was that between N_ and N„. - 

B h- 

It was also noticed that if the set of the 3 correlations between 
each index and the rest was considered as a whole, the best performance 
was put up by N. ^ . i 

B, ^ -j. I'J , ^ ^ 

(d) Formulae jor , estimating cacli: Ind^xrjrovi any oj the other 
Three . — It was noticed that' ’the' regression 'coefficients "of on the 

other three indices were all , greater tbanmnity. It means that airy 
change in or loads to a piopbrti'onately larger change in 

Nt t which should therefore be^reearded as, more variable than any 

of the other three. The opposite was the case with 

This is also brought out if we consider; the ranges of Ng> 

, and N,,, from Table LVI. 

NL’ M ^ 



[c) El^iuntuiwti oj I'iihuloful rn/nr^.—Froiii Table LVl it w 
apparent (bat almost oxaclly miilway belufeu N. and N,,. 

Tt. . li M 

il'isiadufl to tbo fact that— 

(0 For thesu J*2 bitos la verj' clofo to and 

(»0 Nj^imist always lie bo tween and as the index 

otRin Bamea’ h'oriuula (viz. * 70 ) lies botwoon tho hidices of B in 
tie Lacey and Manning Fomnilao (viz. 3 and ^ , rchpuctively). 

To sam up, it appears tlial, for the *12 regularly observed Punjab 
sites various rugosity cocfBcients are gonorally of the same order of 
®^guitudo and not very dinbrent from eacli other, though the closest 
agreement is that provided bj' tho Barnes and Kutter coefficients which 
^re almost identical for most of the sites. 

The Error Arisitig From Interchange of Imhccs , — As X^ and 
lie between X^^ and X^^, tho greatest ])yrtent^ige difference can 

3rise through calculating the velocity from the Lacej' Formula uith a 
^gosity index derive d from tbo Manning Formula and \ice versa. 

The % differences are shown in column 12. It will ne noticed 
except for two small channels discharging less than 10 cusecs, 
me ^maximum difference does not exceed 10%. 

DESIGN OF EEGTME CHANNELS 


The fcllowing correlations were carried out between the loga- 
rithms of various hydrauUo elements for the average v.alucs of 42 
regularly oDserved Punjab channels ; — 


Senftl 

Xo. 

Vanable< CoireUted 

CorreU' 

latioa 

CoeS* 

cent 

Resalting FomeU 

1 

Log R. log P, log S. 

•993 

R='1SP‘^®/(SX10^J'^^ 

2 

W log P, log Q. 

•998 

B=i-84Q'®V 

3 

Log R, log P, log m. 

•937 

B « -46 P' ‘ '/(m X 10‘) 

4 

I«®g D, log Q. 

•9S3 

D=.-65Q'^^ 

5 

LogD, logO.logS. 

■9S9 

D= -5150 ‘“^/(S X 10^^ 

6 

Log D, log Q, log m. 

•9S3 j 

D-r-72Q’^*/(inxl0"l'^® 

7 

log a, log Q. 

'999 

A=.M43 

$ 

I-og A, log 0, log S. 

•999 

A«l-r2Q'®^/(Sxl0^1 









ia'(iORlTV COKI-FICIKNTS OX I.IXKD CHANNELS ‘ ‘ 

Somo iluUi (ui tho ILi veli M.u’ii Lino wero iiiialyBcd Inst year 
and iiicntionod in llio Aiinnal Iloporl «if tho StatistiiMl Sootion for (ho 
yoareuding A))ril IDH. It was (hat daily’ obaorvationa bo 

taken on tho Havoli Main Lino for a fow months from which fbc rela- 
tion between Y, U and S should bo doducod. Tho Chi^f Engineer 
ordered diMdiargo observations on Havoli and Ilikanor Canals to dotor- 
luino tho val»u‘ of (bo ingositv cooflioiont on lined channels. Data at 
tlio following >itcs were obtauied : — i - 


Caaal 

Jl. P. 

Period 

Haveli Main Line 

so.ooo 

. 

C-12-41 to 31-12-41 

Ditto 

1:13,000 

19-9-40 to 29-11-40 

Ditto . . . . 1 

112,000 

1-4-41 fo 31-7-41 

Ditto . , . . 

Itw.OOO 

23 9 40 to 31-12-40 

Ditto 

' 220,000 

25-4-41 to 31-7-41 

Bikaner Canal 

43,000 

24-9-40 to 31-8-41 

Ditto 

183.000/ 

188,704 

i-10-40 to 10-1-41 ' 

/ . /■ ' ' 

Ditto , . . 

305,000 1 

22-12-40 to 31-8-41 

Ditto 

313,000 j 

22r9-40 to 21-12-40 


For one of the sites — Bikaner Canal E. D, 188,000 — the correla- 
tion cooffioient botw’oon rugosity coefScient and discharge was. worked 
out' and it was, found that thqm, was no correlation. The average 
values of the nigosjty coefficients— Kutter’s (N^^), Manning’s (N ) 


and Lacey’s (N^)^ — together with their standard deviations were next 

^ <y:' , :'"5 . ’ 

•calcjilated.. These are given ^ in, Table L VI I. As tho standard devia- 
tions of the, rugosity ‘'coefficients ii\ a'ome cases are appreciable, tbe 
• average ■values of tbo ooofficionb should not bo accepted for purposes ' 
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Three other correlations between (i) log A, log D, log S, (it)- 
log D, log Q, and (iii) log D, log Q, log S, were also worked out for data 
selected at random from full suppl v days for 47 Punjab Channels. 

Two oi the Pormulae given above, namely — 

A = 1:145, 

and p = ,-515 ,(Q/SXlo5^ 

were selected by Dr. N. K. Bose and Mr: K:'R. Erry for their Punjab 
Engineering Congress paper, , ‘Design of; Channels in Alluvium’ to 
replace the modified P— Q and B — Q relationships of Lacey. 

' DIFFERENCE BETWEEN ‘SHOCK’ AND '^DEVIATION • 

FROM REGIME’, FOR A 'CHANNEL IN ALLUVIUM. 

11 In a note written for the Eleventh' Research Meeting of the 
Centrab Board of Irrigation an attempt was made to clarify the, 
idea '' of ‘regime’ and to distinguish between' ‘shock’ and ‘change in 
regime’. , , - , ' 

In view oh the need for; and 'the absence of an authoritative 
definUion of, ‘regime’ the follpwing definition was suggested for con- 
sideration. , , , , ' 

“Regime i« a state of 'equilibrium 'between the forces operative 
in a reach of a channel, flowing in and transporting its own silt. If 
these forces are generated solely by such flow and transport, the channel 
is in regime, free from ‘Shock’ ; ‘Shook’ being defined as the operation 
of forces over and above' those generated by the interaction of silt and 
water:’’ ■ ' * - i • 


Lacey Criterion for "Regime free of Shock ’ — For a channel in 



1 -U 

S are mean velocity, hydraulic mean depth and water surface slope 
respectively, equals unity. But' it has been found that this equality 
of to unity is also realised on some unstable channels in the Punjab. 

Mr. Lacey has stated that this was very likely due to a balancing of 
shock present on unstable channels against a departure from regime- 
This leads to the important deduction that ‘shock’ and ‘departure from 
regime’ can exist simultaneously on the same channel. The separation 
of the effects due to these requires further investigation, ' 

‘Shock’ and ‘regime’ should bo studied more thoroughly, parti- 
cularly through observations on channels where ‘shock’ and deviation 
from ‘regime’ are appreciable, i.e.,'on channels in bad* order, and-ou 
unstable channels. Tins would show if the formulae developed fro® 
stable channels and channels in good order are real criteria of stability 
or good ordorl when applied to design of channels in alluvium. 



in 

KU(;()S1XV C()i:i‘TIClENTS ox IJXKI) OIUNNELS ' ‘ 

Somo data on the llavcli Main Lino wore analysod Inst year 
ami mentioiifil in tlio Animal Iloport «jf tlio Statistical Sootion for tlio 
year eliding A)>ril 11)11. It was sugi'c.'ilod that daily obsorvations bo 
taken on the Uavcli Main Linvi for a fow months from which the rela- 
tion beUveon V, K and S hlionid bu dcdiu’od. Tlio Chief Engineer 
ordered di.schargo oli.-crva lions on Ifavoli and Bikanor Canals to dotor- 
luino iho vahu of tho rugosity coeftioient on lined channols. Data at 
tbo following j.it(»s were ohtauied : — , 


Canal 

11. D. 

Period 

Haveli Main Lino 

SO, 000 

1 

* C-12-41 to 31-12-41 

Ditto 

i 

lUU.OOO 

1 19-9-40 to 29-11-40 

Ditto 

142,000 

1-4-41 <0 31-7-41 

Ditto . . . . 

165,000 

23-9 40 to 31-12-40 

Ditto . , . . ; 

■ 220,000 

25-4-11 to 31-7-41 

Bikaner Canal .. 

43,000 

24-9-40 to 31-8-41 

Ditto 

188,000/ ' 
188,764 1 

i-l(W0 to 10-1-41' 

/• ’ ' 

Ditto 

305,000 

22-12-40 to 31-8-41 

Ditto ■ 

343,000 1 

22r9-40 to 21-12-40 


For onoof the sites — Bikaner Canal B. D. 188,000 — the correla- 
tion coefficient between rugosity coefficient and discharge was. worked 
onf and it was, found that thqre, was no correlation. Thc avei-aga 
values of the rugosity coefficients— Kutter’s Manning’s 

and Lacey’s (X_) — together with their standard deviations were next 
L V 

•calculated.. These are given^ in, Table LVII. As the standard devia- 
tions of th'ojmgbsity "oo'effieients in some cases are appreciable, tba 
• average values of the ooefficienls should not bo accepted for purposes ' 


Three other correlations between (i) log A, log D, log S, (w)- 
log D, log Q, and {Hi) log D, log Q, log S, were 'also worked out for data 
selected at randojn from full supplv’ days for 47 Punjab Channels. 

Two of the Formulae given above, namely — , 

A = 1;145, q’®®, 

; and D = ,-ol5 (Q/SxlO®)' ■■ . ' 

were selected by Dr. N. K: Bose and Mr. K. E. Erry for their Punjab - 
Engineering Congress paper, ‘Design of Channels in Alluvium’ to 
replace the modified P— Q and K— Q relationships ot Lacey. 

‘ DIFFERENCE BETWEEN ‘SHOCK’ AND '^DEVIATION • 
PROM REGIME’, FOR AtJHANNEL IN ALLUVIUM. 


In a note written for the Eleventh Research Meeting of the 
Central Board of Irrigation an^ attempt was made to clarify the 
idea of regime and to distinguish between ‘shock’ and ‘change in 
regime . , , 

^ view of the need for, and the absence of an authoritative 
definition ot, regime’ the following definition was suggested for con- 
sideration* , ; 


Regime i« a state of equilibrium between' the forces operative 
m a reach of a channel, flowing in and transporting its own sfit If 
these forces are generated Solely by such flow and transport, the channel 
is in regime, free from ‘Shock’ ; ‘Shock’ being defined aa the operation 
of forces over and above those generated by the interaction of silt and 
water. 


Lacey Criterion for 'Regime free of Shock'— For a channel in 
shock-free regime the Lacey ratio (Cj^)=V/16R ^ S^, where V, R and 

S are mean velocity, hydraulic mean depth and water surface slope 
respectively equa s unity. But it has been found that this equality 
ot to unity 13 also realised on some unstable channels in the Punjab. 

Mr. Lacey has stated that this was very likely duo to a balancing of 
shock present on unstable channels against a departure from regime, 
ihis leads to the important deduction that ‘shock’ and ‘departure from 
regime wn exist simultaneously on the same channel. The separation 
of the effects^ due to these requires further investigation. ' 

1 I ‘regime’ should be studied more thoroughly, parti* 

cularly through observations on channels where ‘shock’ and deviation 
from regime are appreciable, i.e., on channels in bad* order, and- on 
unstable channels. Ihis would show if tho formulae developed from 
stable channels and channels in good order are real criteria of stability 
or good order, when applied to design of channels in alluvium. 



KDiOSITY COKI'TICIEXTS ON LINKI) CHANNELS ' ’ 

Suimi 1)11 till) Uavcii Main Liiiu wore analysed last year 
aud iiicnUonetl iii Iho Aiimial l?oj)i>rt) tho Statistiral Sootion for the 
year (juding April 1011. It that daily obsorvationa bo 

taken on the Havel i JIain Lino for a fuw inontbs from wliich tbe rela- 
tion between V, 11 and S hlumid bo deduced. TIio Chief Engineer 
ordered dLchargu nb^(}rvat^oJl.s on Havoli and Bikaner Canals to uotor- 
miiifl tlie valui' of (ho rngot>itv eoeflieient on iinod ehannols. Data at 
dio following sites were obtauied . > i 


Canal 

' 1 

1 

B. D. 

Period 

Haveli Main Lino 

i 

1 

so.ooo 

6-12-41 tn3M2-41 

Ditto . . . . 

i;ia,ooo 

19-9-40 to 29-11-40 

Ditto 

U2,000 

1-4-41 to 31-7-41 

Ditto 

Kw.OOO 

23 9 40 to 31-12-40 

Ditto 

' 2*20,000 

25-4-41 to 31-7-41 

Bikaner Canal 

*13,000 

4t-9-40 to 31-6-41 

Ditto 

188,000/ ' 
188,704 

1-10-40 to 10-1-41' 

X /■ ^ 

Ditto . . 

805,000 

22-12-40 to 31-8-41 

Ditto • 

343,000 

22f9-40 to 2M2-40 


For onaoftbe sites — Bikaner Canal E. D. 188,000 — the correla- 
tion cooffioiout botwoon rugosity coefficient and discharge was worked 
out. and it was, found that thqre was no correlation. The uverago 
values of the rugosity eoofficieuta — Kutter’s Planning’s 

and Lacey’s (N-) — together with their standard deviations were nost 
li '•.7?' , ‘ 

calc^ilated.^ These are givbn^in.Tablo LVH. As the standard dovia- 
tloua of th'o.. rugosity 'coefficients . iii soriio cases are appreciable, the 
•average values of the ooeffieienU sUoukl not bo accepted for purposes 



Three other correlations between (i) log A, log D, log S, (n)- 
log D, log Q, and {Hi) log D, log Q, log S, were 'also worked out for data 
selected at random Irom full suppl v days for 47 Punjab Channels. 

Two ot the Pormulae given above, namely — <* 

A = 1:145 

; and D = :ol5 (Q/SxlO^ ' 

were selected by Dr. N. K: Bose and Hr. K. K. Erry for their Punjab- 
Engineering Congress paper, ‘Design of Channels in Alluvium’ to 
repjace the modified P— Q and K— Q relationships of Lacey. 

^ DIFFERENCE BETWEEN ‘SHOCK’ AND ! DEVIATION • 
PROM REGIME’, FOR A 'CHANNEL IN ALLUVIUM. - 


In a note written for the Eleventh Research Meeting of the 
^ntral Board of Irrigation an^ attempt was made to clarify the 
idea of regime and to distinguish between ‘shock’ and ‘change in 
regime . , 

view oh the need for, and the absence of an authoritative 
definition ot, regime the following definition was suggested for con- 
sideration. , ■; 


Regime IS a state of equilibrium between' the forces operative 
m a reach of a channel, flowing in and transporting its own silt. If 
these forces are generated solely by such flow and transport, the channel 
IS m regime, free from ‘Shock’ ; ‘Shock’ being defined as the operation 
of forces over and above those generated by the interaction of silt and 


Lacey Criterion jor ^Regime jree of Shock’^Ror a channel in 
shock-free regime the Lacey ratio (C^)=v/i6R ^ s^, where V, B and 

S are mean velocity, hydraulic mean depth and water surface slope 
respectively equa 3 unity. But it has been found that this equality 
ot to unity 13 also realised on some unstable channels in the Punjab. 

stated that this was very likely due to a balancing of 
^ock present on unstable channels against a departure from regime, 
ihis leads to the important deduction that ‘shock’ and ‘departure from 
regime ^an exist simu taneously on the same channel. The separation 
of the effects due to these requires further investigation. • 

regime should be studied more thoroughly, parti- 
cularly through observations on channels where ‘shock’ and deviation 
from regime are appreciable, i.e., on channels in bad' order, and- on 
unstable cbannels. Ihis would show if the formulae developed from 
stable chanuols and channels in good order are real criteria of stability 
or good order, when applied to design of channels in alluvium. 
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lauiosixy coki-ticients on liked channels ' ■ 

Somo tlaU on (ho Hiiveli Main Lino woro analysed last year 
aud jiK'ntioiiuil in (ho Annual Report of (hn Stati.stiral Sootion for tho 
year ending April 1911. It was sug*;e.s(o(l (hat daily ohsorvationg bo 
on .tile llavoli ^lain Lino for a few months from which the rela- 
tion between V, R and S hiiould ho doducod. Tho Chi(^f Engineor 
ordered dLchargo ohsorvations on Havel I and Bikanor Canals to detor- 
luine tho v.dut: of (Ijo rngohity coeflieient on lined channels. Data at 
dio following >ites were oh tabled ; — . . , . 


Canal 

1 R. D. 

1 

1 

Period 

Haveli Main Line . . 

SO, 000 

G-12-4I to 31-12.41 

Ditto 


19-9-40 to 23-11-40 

Ditto . , . . j 

1-12,000 

M-41 (0 31-7-41 

Ditto . . - . 

105,000 

23 9 40 to 3M2-40 

Ditto . . . - 


25-4-41 to 31-7-41 

Bikaner Canal . . . 


24-9-40 to 31-6-41 

Ditto , . . . , 

188,000/1 
188,704 1 

i-l(W0 to 10-1-41 ' 

^ A ■ ' 

Ditto . . 


22-12-40 to 31-8-41 

Ditto ■ 

1 

343,000 

22f9-40 to 21-12-40 


For onoofthe sites— 'Bikaner Canal R. D. 188,000 —the correla- 
tion coefficient betw'oen rugosity coefficient and discharge was worked 
out and it was found that tliqrq was no correlation. The average 
values of the rugosity coefficients — Kutter's Manning’s (N ) 


and Lacey’s (N_) — together wdth their standard deviations were next 
■h* ■'.'/'J,.'' ! 

calciilated.^ These are given^ in, Table LVII. As tho standard devia- 
tions' of the .rugosity ’'coefficients iii some cases are appreciable, tlie 
.iwerago values of tho ooeffieienls should not bo accepted for purposes 







ot design but tlie maximum vi^liies ^^llicl] are likely- to bq realised on 
full supply days sliould be taken.’ These are given below : — ‘ ' 


• r _ ' 

J Canal • ' 

E,D. 

' Date 

' ■ 1' 

Q • 



*■' 1 . . 

Haveli Main Line 

, ,80.000 

Supplies ivei 

e very low th 

onghout the ; 

jcriod under olstivation 

Ditto 

^ 133,000 

7-10-40 

3,673 

•0139, 

. '0140 

•016 

Ditto . . 

142,000 

11-5-41 

• 4,422 

•0161 

•0163 

• -017 

Ditto - . . 

. 165,000 

2-10-40 

to 

6-10-40 

3.531 

. - -0151 

■0163 

•016 

Ditto . . 

220,000 

16-7-41 

4,286 

•0176 

•0178 

•019 

Bikaner Canal . . 

43.000 1 

20 6-41 

2,339 

•0169 

li ' 

•0170 

•018 

Ditto ... 

188,000 

17-10-40 

to 

19-10-40 

1.659 1 

•0155 

•0168 

•016 

Ditto 

305,000 

17-8-41 

2,5C8 

•0146 

•0148 

“ *015 “ 

Ditto „ 

343,000 

22/23-9-40 

2,062 

•0142 

•0143 

•015 


Begarding Haveli Mam Line B. D. 220,000 according to Exe* 
cutive Engineer, Main Line Division, “the mam thing about this reach 
(B. D. 168,000 to 227,800) is that it gets affected by the gauge that 
is maintained above Sidhnai Dam for regulation purposes". It was 
found that there was no correlation between V and B at this site.^ 

It aiipears, tlierefoie, that the following values maj' be accepted 
for design gt channels with similar types of lining to those examined. 

N = ‘0180 — -0185 
L . 'f .. 

N^^orNj^ = -0165 — *0170 ^ 


SILT EBTBY imo CAhSAI.S AS AEEECTED BY THE 
SUPPLY AND THE KEGULATION AT HEADWOBKS.'^’ 


Observations at'Eerozepore head works were made from June to 
September 1941 and different types of undersluice settings were tried. 
The data were examined in the liglit of the rules framed'in 1939. It 
appeared that one of the rules required slight modification.’ ’ 

The bed silts taken from the canal showed ' that the 'silting ia 
the head reach could not bo ascribed to the coarseness of material 
entering the canal. ’ It may possibly be due to the'poor working head 
ot the canal. 

SILT SUBVEYS * , 

^ (i) The silt survey of the L. C. C. was started ,iii 1938 m 

order to follow the changes that were taking .placla' in' the canals 




of iho Lower Cheiub Can.jl systoni duo lo tlio eoiiiitruotioii of silt 
excluder tunipls at Khanki Ueadworkif. Tlio iiie.in diamotore of bed 
JiJts taken froni various cliannels of tlin woro calculated aud tljo 

values of slopes worked out fnjm the Bo'O slope formula, Thoso wero 
forwarded to tho Mathematical Officer for analysis. 

(ti] Heavy silt having settled down in tho head roach of tho Nur- 
pur distributary, sUt excluding devices wore fitted in 1932*33, Tho 
lesolt was' that the silt deposited in tho head reacli started moving 
downstream. A sUt survey of tho chamiel was carried out in Kharif 
1941. The values of A, D and S (Area, Depth and Slope) were calculated 
from tho Institute formulae aud compared with tho actuals. Tho 
results were put up to tho Mathematical Officer. 

RELxmON BETWEEN CL.VY % OE A SOIL AND ITS 
CiVBACITY FOB ABSOltBlNG WATEB 

Following a study of observed aud plotted values of 0 (clay 
%) and V (volume of soil absorbing 1. e.c, of w’uter — for the 
method of determination of V, please seo page 224 of t lie Annual Beport 
for the year ending April 1941) for 104 samples, tho following relation 
vas derived by correlation. 

17*144 

C = +2-149 .. .. (1) 

V— 3-245 

This formula gave values of C markedly different from tho actual 
ones, where V had' some of the smallest values. The following alter- 
nativo empirical formula was found to bo more satisfactoy in this 
respect. 

SO 

C= -5 .. .. (2) 

V— 2-7 

i Formula (2) gave results in good agreement with actuals if V 
was higher than 5 - 0 ; for V below 4*0. it gave the order of magnitudo- 
correctly, though the individual values might differ appreciably. 

It was found that the fcHcwing rules were satisfied bj* a large 
number of values. 

(t) If V exceeds 7, C is less than 7. 

(m) If V exceeds 5, but not 7, C is less than 18, but bi"f»er 
than 7- 

(tii) If V exceeds 4, but not 5, C is less than 25, but bWer 
^ than 13. 

It was concluded, therefore, that when the order of the niogni- 
tudo alone (of C) is to bo found, the above rules could be applied, pro- 
vided V w-as in excess of 4*0. < 

If V was less than 4*0, C was, in a large majority of cases higher 
than 25. It would bo preferable, however, in such cases to find C 
directly. • ‘ v ’ 



V E:PFECT OF SOIL 1?ACT0ES ON, YIELD OE WHEA!T. 

■ ' The yield of wheat was correlated 'with various soil chacaoter- 
istics— contents of manganese^ phosphates, ‘ total soluble salts, ex- 
changeable sodium, potassium, calcium, and magnesium, and' for their 
pH values— for 6 districts of the Punjab. ' It was found that ^ negative 
significant correlation’ (= — *58) existed' between the manganese con- 
tent and the yield. An equally positive correlation was found between 
the phosphate content of soils and the, yield. The correlations of yield 
with other chamcteristics are net significant; ' 

CHA^IGES IN THUR AREA IN M DISTRICTS. OF THE 
PUNJAB. 

Tho late of increase of thur in eight districts, of the Punjab during 
the years 1931-32 to 1939-40 has been calculated previously and men- 
tioned in the last annual report. The rdto'of increase was' calculated 
on the figures of total thur within the boundaries of 'each' district ir- 
respective of whether the area was comuianded dr not coiiiraauded 
by the canals irrigating the district. 

Now the rate of increase was worked out on' the figures of the 
thur within the culturahle commanded area of the canals. It was found 
that the average rate of increase for all the districts^ taken together, 
was nearly 17,800 acres per year. This was *19 per cent or about 
1/500 of the C. C. A. This rate of increase was about |rds of tlie rate 
of increase within the entire district area, viz. 28,200 acres, which was 
•30 per cent oi about 1/330 of the C. C. A- This ratio of f was also 
approximately satisfied by Sheikhupura, Gujranwala, Shahpur, Mont- 
gomery and Lydllpur districts taken individually. 

Next the rate of increase within tlie culturahle commanded area 
hy canals was calculated. The rate of increase was the largest in the 
Lower Chenab Canal area being 8,950 acies or *31' per cent of the 
culturobie commanded area. This was followed* by Upper Chenab 
Canal area whore the rate of increase was 7,080 acres or '50 per cent 
of the 0. 0. A. .... 

FACTORS AFFECTING AREA IRRIGATED' 

Two investigations were carried out under this head 

(a) The effect of increase in supply on the area iiTigated by 6 
channels in the lOianewal Divisioni. 

(b) The analysis of factors affecting area iriigated on the Lowel 

^-Chenab Canal.,, i ,, ,,,, 

(a) The effect of hwrease in supply onAhe area irrigated by ^ 
channels in^ the Khaneiual Division. — Following the hailstorm m 

April, 1937,. it was, decided, t{- ■ ;i 
Kllanf ip the channels of the, L . ■ , , ■ 

stn'oken area because of the . ■ • . ■ 

the actual results achieved, *! •; ^ i o ' 



IHI 

Bari Do.ib C.iu.tl, rx’iuslrkoil thot lliu ana iirig.itcd \\ as controlled b/ 
faclcrsoUur than a 10 per cent variation iusupiriv (o.g. rainfall and 
prices) so long as (ho supply did not fall bolow a certain limit. 

Till) case was referred by tho Chief Engineer to the Institute 
for investigating statistically as to whnt results could bo expected from 
incriMses in supplies. ' 

From ail examination of tho data for tliroo channels out of tho 
affected aaa and tlireo out of the unafTocted area in tho Khanewal 
Division for the years 11)33 to 1337, it was concluded th.it : — 

(t) Tho nrc.i irrigated by the G channels was increasing. 

(ij) So long as til e supply did not fall below a certain mini- 
mum, the area irrigated was indopendent of tho discliarge utilized. 

(tii) Thcro did not nppwir to bo any obvious relation between 
tho area irrigated during ’idiarif and rainfall during the samo period. 

(iv) Tlio ratio of tho area irrigated under a particular crop to 
tho total area irrigated was probably affoctod by tho change in the 
price of the crop. 

The conclusions drawn above were, however, only tentative. 
It was proposed to investigate tlio effect of factors such as prices and 
discharge utilized on the area irrigated by the Low'cr Chonab Canal, 
the data for which were available icr a fairlv long period. 

(b) The Analysis oj Factors affectivg Area Irngated on the Lower 
Ckenab Canal — Selection of Vatnables. — In order to find the 
possible factors that affect the area irrigated, the administration 
reports ot the Lower Chenab Canal lor the j^ears 1001-02 to 1938-39 
were studitd and the factors selected lor correlation with (i) area 
irrigated during Kharit, and (u) area irricated during rabi wore : — 

(i) Area irrigated during Kharif — 

Eainfall — divided into throe periods April-May, Juno-July 
and August-September. 

Discharge utilised duiiiig lOiarif. 

Price of Cotton. 

(ii) Area hrigaied during Sahi — 

Rainfall — divided into tliree periods Octobor-Novombor 
Deoembor-January, and Fobniniy-Maroh. 

Discharge utilized during rabi. 

Price of wlieat. 

Price of rape seed. 

The values of area irrigated, di.->chaige utilized and rainfall 
were taken from tho printed volumes of tho “ Irrigation Statistics.’* 
Tho prices at Lyallpur at harvest time wore obtained from the Director 
of Land Records, 

As tho rainfall tigures weio available only sijico tho year 1908-09, 
tho period from 1908-09 to 1938*39 was Bolocled for analysis. 
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i. ' ' . * . 

; •! . ‘ Method -of Andlysis.—V^hen dealing Witli figures arranged iu 
order at eqaal intervals of time, e.g., annual figures, the outstanding 
difficulty in the direct ax)plicatiou of the correlation coefficient is that 
the variahJes considered generally exhibit , progressive changes during 
the period available. Such changes in this particular case niay he 
duo to some such factors as , ^ 

j '■ (f) Deyelopment of irrigation and improved distribution of 
water and other facilities. ; 

. m(m) . Removal ' of ^harmtul effects of irrigation by drainages 

. ) , (ih) Economic,, factors which affects the j)rice3 in general 

,, and npt^of any particular commodity in ijarticular. 

• ■ ■ ■ ay be obtamed by smoothing out 

, ^ ^ (iata and drawing smoothing lines 

ijy Ih'e^eye. But the method moH commonly used in statistics is that 
of fitting polynomials j by the method of least squares, of the Ist, 
2nd, 3rd or highei order and retaining that by which the xrrogressive 
'change is best represented. ' , ' ' 

Polynomials uj) to the fifth order were fitted to all the" variables 
and as in the capo of the area irrigated the coefficients of the fifth order 
woie significant/ by statistical tests, it was decided to retain the first 
five terras to expressHhe jirogrossive change in, each case. Terms 
of higher order were not considered necessary. 

/ The rainfall did not show any irrogressive change during the 
period. In the'Vase of other variables' the regression curves of tlio 
progressive change are jilotted in Figs. 211 to 217. ’ ■ ' * 

The deviations of the actual values from the irrogressive change 
nf areas irrigated during kliarif and rabi were correlated with similar 
deviations of the variables given above. i,. The correlation coefficients 
^ are given in Tables LVIII and LIX. • 

Significance of the Progressive Changes. 

irrigated 
of the are 

, of the variation. A similar trend is noticed in the case ot tlio discharge 
utilized during Icbarif. 

It appears that the factor mostly responsible for this progressive 
increase is the development of irrigation and improved distribution 
ofwatef. ; , 

(ii) Area irrigated during rahi — It may bo noted that tbe trend 
from tiro year 1923 onwards is similar to the trend in the case ot prices 
of cotton, wheat and rapeseed. 

''The correlations of the achtal .values pf the area.hrigated rvijh 
the prices at provious harvest ot cotton, wheat and rapeseed aio'’!--* 
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*Ci>, and ’ 12, rtvjH'cUN <i\y. sue all tvigniliwul aud bUow Uiat tho 

economic f ac to m i 1 1 gouoru 1 a ffo c t tho a rea i r r iga t o d . I f tlio p rogressi vo 
trend bo cliiuiualed, tho correlations with (ho prices of cotton, wheat 
and rapeseed arc — *26, ‘2G and — *03, rcspcclivcl}’. None of theso 
is sigiiilicant on 5 pur ctMit. level . 

Corrcloiion Cot’Jficieiits. 

(i) *lrcrt irrifjutcd ihiriiig KhariJ — As hoen froiu Table LVIII, 
the highest corvelalion of area irrigated dviring Idiarif with any Binglo 
variahlo is that with tlio price of cotton at previous harvest. The 
regrensioii fonmila is : 

y — y (poly.) = 7392 (c— o poly.) . . - (1) 

where y = Area irrigatod during kliarif in acres. 
y (P^ly.) =r ^^1^® polynomial value or the progressive 
change of y. 

e = Price of cotton at Lyallpur at previous 
liarvest in rupees per juaund. 
c pol 3 *. = Polynomial value of c. 

The other siguificant'corrolatioii is tliat ^^^th the discharge uti- 
lized during kharif. The multiple correlation of area irrigated with the 
price of cotton and discharge utilised is : 

y — poly. = G143 (c — c poly.) + G400 (d — d poly.) . . (2) 
where d is the discharge utilized jii lakhs of cusec-days. 

The values of area irrigated, calculated from equations (1) and 
(2) are plotted in Fig. 211 and are tabulated in Table LX. 

The correlations with rainfall are low and not significant. 

(ii) A}e(t irrigated during rahi. — The correlations are given in 
Table LIX. The onlj’ significant correlation' is with discharge utilized. 
Its value IS '74. The regression equation is : 

y— y pply- = o0420 (d— d poly.) .. ..(3) 

whore y = Area irng.ited during rabi in acres. 

d = Discharge utilized during rabi in lakhs of 
c use e-days. 

The values' of area irrigated, calculated from equation (3) are 
plotted in Fig. 214 and gi%"cn m Table LXI. 

Of the non-significant correlations, the highest are with rainfall 
during October to January and with price of wheat. Both are positive 
and their values are ‘SJaiid *20 respectively. ’ ' '' 

Co»ch<s«ous.—;-(i) The area irrigated 'during khaiH show» a 
progressive trunil which' appears to ho inainly'due to the development 
of irrigation and improved distribution of water. 

' ‘I’ (ti) Apart’ from the progressive trend', tho area irrigatod during 

kliarif is significantly correlated with tlie price ot cotton and to a lesser 
■extent' with the discharge utilized. ’ ’ ' - • 





An increase , above the polynomial value, of one rupee per mauutT 
ill the price of cotton or of one lakh cusec-days in the discharge utilized' 
has the' effect of increasing the area irrigated ^ by 6,4' 3S, on ,an 

average. ' . . * .U “ 

\iii) Bainfall does not affect the area ii'rigj^ted ; kharii. 
(iv) The economic, causes are, mostly responsible for the pro- 
gi'essive change in the area irrigated during xabi. 

(u) The departures frppr tbe progressive trend, of area irrigated 
during rabi,^re highly correlated ^vvth the discharge utilised.. An 
increase, above tbe polynomial value, of one cusec-day in the discharge 
utilized increases the area-irrigated by half an acre, on the average. 

fyi) h^jart from the effect of prices in general, the price of 
rapeseea does not affect the area irrigated. 

The price of wheat and rainfall during October-January, though 
suggestive of the possibility of a real effect cannot be judged significant 
from the data. 

LAYOUT OF AN EXPERIMENT AT JARANWALA FARM 

During the course of reclamation, it was observed by the Land 
Reclamation Officer that a crop of Aiuencan cotton, grown on land, 

' • * ■ . ■ . . ' other leguminous crop,. 

, ' . of bolls), whereas tirak 

. From this it was con- 

yidered that the attack of tirak was associated wdth the presence of 
salts within 6 feet from natural surface. 

Layout of an experimental farm at Jaranw'ala was worked out 
to study the effect of artificial injection of salts in various concentra- 
.tions on the American cotton plant. 

ESTIMATING THE THICKNESS OF A FLOOR AT YARIOUS 
POINTS ON THE PROFILE OF A WORK. 

The theory as given in the Central Board of Irrigation Publica- 
tion No. 12 was explained in a note sent to Mr. J. P. Jain, Assistant 
Piesearch OflScor, United Provinces at the latter’s request. This was 
.dlustrated by a case refered to the Institute by him. 

Tho effect of curvature of the glacis w^as also discussed. It vras 
jpoiiited out that in most cases, the reduction in the thickness of the 
ilobr duo tO' curvature \yas likely to be small, in designing a work 
it Avould, therefore, he wise not to allow for it. This might be »» 
error, but it w'as an error on the aide of safety. 

CORRELATION BETWEEN RAINFALL AT QUETTA AND 
WATER-SUPPLY AT URAK. 

This w'as carried out at the request of Mr. E. B. Gee of the 
. Geological Survey of India. Mr. Gee who had surveyed the area of the 
Urak catchment w’as of tho opinion that tho strata involved did not 
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COJtHCLATION TMC RAtHFALL AT QUCTTA 



justify 6ucb a long-time lag lietwebn (lie m infall of the catchnicnt and 
the discliatge as wa^ Miggohted bv tho IJalncliistan author 

lities. 

Tbo onfy* data available uitJi bim was a diagram sbowiiig the 
moathly rainfall at Quetta and tbo monthly suiiply at Urak since 1921. 

It appeared from a study of tho diagram that this supidy was 
amminium during tho months ol September, October and November. 
It was because tho rainfall during the so months was practically niV 
aad the main source of supply was Uio underground springs. It was 
decided in consultation with ^Ir. Geo to correlate the total supply 
daring those jiioiitiis with tho preceding September to August rainfall. 

A straight lino expressing supply in tonus of rainfall was 
obtamed by (be metliod of ‘least-squares’. It is plotted in Fig. 218 
and thoyalues^calculated froni it togotlior writh tbo iiorcontago dovia- 
lions from tbo actual values aro given in Table LXII. ' 

Tho correlation coefficient was found' to bo *77. Taking account 
of the fact that Quetta is situated outside tho catchment area, the cor- 
relation appeared to be quito high. 

As most of the rain fell in the months of December to April, 
it was concluded that tho time lag between the rainfall in Urak catch- 
Meat and the discharge due to underground sources did not exceed 
11 months and was iiossibly not les^s than 5 months. The exact time 
lag could not be worked Out unless tho daily rainfall figures in the 
catchment area and the contributions to the daily discharges made by 
the surface and underground sources were available. 
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*Vo/fi/(o« — 

(I) S ]>, tsStaiiibn) tLthtioit, 

(J) TUg olKct iwUtwn u^d m VIig wtuc »» iu TaUo XXXN ill. 

•Jlcut) after omitting oWrratioM on Ui'tn.t Qvigtta iSraiwh for 3rd NouniVcf I WO. 



, . .TABLE LII - - 

■’ ' TABLE SHOWING JIEAI^ VELOCITY POINT, MEAN VELOCITY,' <-:\IE'AN SILT POINT 
AND MEAN SILT FOR 0 CHANNELS 



3rd November 1030'. . 

'■67 

‘ 2 70 

'2 06 

•37 

•133 

' -150 

4th November 1939. . 

. "61 

' 2'iH 

' 2*51 

' ' 40 

•110‘ 

•120 

5th November 1939. . 

•48 

2-60 

2-28 

-17 

-204 

-260 

6th November 1939.'. 

. 1 <-71 

2-eJ 

' 2 64 

■42 

•215 

■ -238 

8th November 1939 • . 

, ,, ‘59 

>•71 

. 2-01). 

-46 

•1S7 

•200 

0th November 10.19 . . 

•77 

2-C0‘ 

2 70 

' ’-52 

222 

■217 


M. V. P.=Mcan velo- 
city point on tha 
central vertical. 

M. V.=Mtran velo- 
city. 


BhascH R. D. G,000 


ISth November 1039 

-39 

' 2-44 

2^21 

‘ -57 

' -101 

•082 

I9th November 1939 

-62 

•2-43 

2-32 

■70 

. -130, 

■108 

2 1 St November 1939 

•66 

2*46 

2-33 

■39 

-098 

•078 

23rd November 1939 

•53 

2 '60 

2-29 

•42 

, -191 

•334 

2nd December 1939.. 

■74 

2*03 

2-74 

•49 

•203 

•308 

4th Deccmb<-r 1939... 

•63 

2-58 

2^47 

♦43 

•189 

•215 


Miah An 

Brancu 

R. D. 9.7.000 


13th December 1939 I 

•71 

2-17 

2-20 

•00 

•235 

■198 

15th December 1939 

•73 

2-06 

2-18 

•52 

■172 

■167 

2fitK December 19.39 ' 

■79 

2-31 

2-45 

•51 

■335 

’ -330 

28 th December 1939 

-81 

2 10 

2*35 

•64 

■253 

■107 

9th January 1940 .. 

■78 

2-06 

2-18 1 

•65 

■212 

•ISO 

Itth January 1941) .. 

■71 

1^91 

1-93 1 

•51 

•187 

■182 


V „jj-c.=VHocity 

' afTDonlJiectnUal 

vertical. ' 
ai. S. P.— Mean sJt 
point on the ceutwl 
vertical. 


M. S.=Mean eJt ‘®: 
tensity in g“-V 


sity at *5D on 

central vertical. 


Shahkot DistsibctABY R. D. 12,000 


i5tb January 1940 . . 

•72 

L^se 

1-91 

•48 

■237 

■244 

19th January 1940 . . 

■77 

1-90 

2 '00 

•43 

•290 

•320 

2nd February 1940 

•72 

1-69 

1-71 

■33 

•190 

•262 

4th February 1940 . . 

•69 

r84 

1 82 

•48 

•253 

♦261 

8th Fcfaruaiy 1940 . . 

•7.3 

1*86 

l^Ol 

•45 

•232 

•2,70 

11th February 1940 

■74 

1-89 

1-93 

•41 

•239 

•275 


Nur7BBIA.KWALA DlSTWSnTABY K. D. .>,000 


14th December 19.19 

•72 

2-10 

2-11 

•51 

•175 

•172 

16th December 1939 

•65 

2-01 

1^92 

•51 

■ •145 

•140 

27lh December 1930 

•71 

Z-U 

2-13 

•55 

•227 

•210 

29th December 1939 

•67 

2-04 

2^00 

-.73 

•193 

•180 

10th January 1910 .. 1 
12(h January 1910 . 


2-07 

2^10 

•47 

■208 

•220 

•71 

2*04 

2^06 

•49 

•214 

•218 


tABLEtlli' , “ 

TABLn SlIOULNO THE AVi:JMGL.S OF TJfJJ VALUEh GIVEN IN TAliJ.i: Hi 
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rnOllTUEmilEAN valued FOI*. » VUNJAECUAHHCIij. 
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, TABLE LV 

TABix'BHOWINO THE PEECEEIAOE 

















Lowxu Hyo 



100 if Erpatw than 
(K ^fKji —1) 100 if Kj^ \i lew thftn Kj 



TABLE LVIII 



Variabli’-* 

Correlation 

Coofllciont 

I 

Rainfall during April and May 

•012 

2 

Rainfall during Juno aud July 

•008 

a 

Rainfall during August and September . . 

— •184 


Discharge utilized during kliarif 

•117* 

5 

Price of cotton at previous harvest 


u 

Discharge utilized during kharif and price 
of cotton at previous harvest. 

•710** 

' 

- 

*lndtutcs sigmficauce on 5 per cent Icrcl. 

•* Indicate! aignificance on 1 per cent level. 

:< 

TABLE UX 

table showing TUE C'OKKKLATION COEFFICiENT OF THE AUEA lilllKiAXEI* "J: 

nURINO RABI WITH THE FOLLOWING VARIABLES AITEIt ELTSIINATION ’ 

OF PROGRESSIVE TREND “ • ' 

Semi 

No. 

Vanabloa 

CurrelatiDi! 

Coellicient 

1 

Rainfall during October and November 

•iy;i 

•2 

Rainfall during Deceuibei .iiid .Tanuart . 

■ *227 

3 

Rainfall during February and March 

— ’055 

i 

Rainfall during Uctubei tu Jauuarv 

<H7 y 

5 

Rainfall during October to March 

•174 

G 

Discharge utilized during Kabi 

;73S** - 

7 

Price ef 'wbeat at previous hur%eit 

•2&4 

8 

Price of rai>e?eed at previuus harte^t 



•• lDdIc*U*»ij;ciflo*i»oe «a lj>cr oesi WveL 



TABLE Lx 

TABLE SHOWING THE VALUES OF THE AREA IRRIGATED DURING KHAHIF, Tlih lUSUllARGE UtlLUED. 
THE PRICE OF COTTON AND THE CALCULATED VALUES OF AREA IRRIGATED. 
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100 


TABLE LXI 

TABLE the ACTUAL j\Kl) CALCULATilD VALUES OF AKEA IRHIG ^TEl) 

DDRINa RABI FROM THE DISCHARGE UTILIZED DURESTG RABI '* ‘ 


DiscnA&as cthjeed 
DTTsoi'a Basi 
, {CCSKJ-PAT'J) 


AilEA rBSlOATAD SITBIKQ RaEI 

(Aosu) -■ 



1^14G.4i)0 
1,448,000 
- 1,294,100 

1.327.100 

1.143.800 

1.177.200 
‘ 1,399,300 

1.295.300 - 

1.188.300 

1.275.400 

1.280.100 
i 1,205,700 
' 1,380,900 

1,468,600 , 

: , 1,349,800 

'• , 1,250,600 

; > 1,2CJ,J00 

1.212.400 
1,324/100 
1,200.800 ; 

i 1,470,000 

1.428.800 
1.320,900 

I 1,318,100 
{ 1,138,400 
, 1,221,500 
1,050,200- 
> 1,190,000 i 

1.329.200 
1,263,500 
1.141.700 


1,412,400 

1,524.901) 

1.520.800 

- 1,582,200 
1,514,300 

1.541.000 

1.055.100 

1.599.800 
1,541,200 

1.580.900 

1.580.800 
: • 1,588,200 

- I,632,9o0 
' 1,680,200 
*' 1,624,000 

1.580.000 

1.584.500 

1.556.900 
1.607,000. 

* 1.533^500 
' 1.651,800 

1.603.100 

1.525.700 

1.492.500 
1,368.600 

1.378.000 

- 1.209,100 

1.321.700 
‘ 1,396,100 

1.393.900 

1.396.500 


V « AitAjmgatod during rabi in acres, 
d . Duciajso utUucd durujg Rabija cui«j.<U78. 
P®>f“®mUl yaltic of the vanable<. 
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L^p RECLAMATION SECTION 

_ ' EXPKRIMENTAL"'^‘ — f‘ • - 

' The 'Jaranuxila ExperinienUil Station »’ * • ^ 

_ In the report for the year ending April 1940, a detailed ' dea- 
tpplion of the damnwala Experiujentai Farm was given. The ox- 
periments carried out at that Fanu have demonstrated that^ 

(1) 'NVith the present duty of water, the nbnpal crop rotations 
ui undeteriorated canal colony areas lead to salt movement towards 
the surface. This was illustrated by photographs in the last annual 

• 'report. Since then results of analyses have become available. Typi- 
cal examples are given in Fig. 219. In plot 1/1 tlio main zone of 
- salt accumulation occurred between 5 and 13 feet, from the natural 
surface although due to the upward niovement the salt content of 
the soil had exceeded the deterioration limit in,, the depth between 
the second and the fifth feet also. In the cate of plot 10/2, the salt 
zone had appeared at the surface and the uccuintuatioii zoiio wap 
confined to the first 0 feet. As the crop rotutioii in Imth tlio plots 
was the same the .difference in the upward movement of tho Halt 
in the two plots is due to the initial depth at wliich tho aono of suit 
accumulation was situated^ It was originally nearer tho surfuco 
in plot 10 2 than in 1/1. This has a bearing oji the nuniher of rice 
crops required for reclamation as is discussed, later in tliis report, 

(2) The giowth of rice during the summer or of boiseein during 
the winter on the iioniial quantity of water required for those crops 
either depresses the zone of sail accumulation or cliecks its riso to 
the surface- 

Plots 4 and 5 are examples of this rotation. The results of 
analyses* are lepresented in Figs. 220 and 221. it will bo seen that 
with two rice ciops tlie whole of the from the .surface is removed 
1o tho water-table and although tliiee cotton crops have been taken 
after rice the analyses indicate that the salt, once it is lemoved to tho 
water-table, does not rise again towards the surface. During tho last 
three kharif harvests American cotton gave yields of 17*5, 16'0 
and 16 ‘ 0 maunds per acre in one set of experiments and 1 6 ' 25, I7 • 75 
and 16*0 maunds in the second set. 

During Kharif 1941 all fields where normal crops other than 
rice were grown and which had developed salt jjatches were put unJuf 
rice. Soil samples have been taken after rice. The results of am lywj* 
arc given in Figs- 222 and 223. These relate to plots 1/1 and 1/5. It 
will bo seen that in the ease of plot l/I where tho concent ration of the 
.salt' at Uiu buifa'co had not leacluM tie* ma\‘uuuui the removal of the 
bait from the soil pi-olile is complete to a depth of 9 f^vt. In the easo 
of iilot 1/5 leaching is effective to .1 depth of 7 hxd only, la order t^j 
free tho prolllf id -si It to .» deptli of 10 feet «>m‘ more nee crop sfU 
be leipiiivd. 



lu actual rcclaxnatiou the uitro^uctiou of a- legumino^ crop 
after rice is essential to li^ht. tht‘ nitrogen balance of the soil \cliicn 
is upset on account of 

rice. Afterrice, tu'o ^ 

fields 5 ire carr^’ing gram which has been aO\n\ hi wadh-watUir of nee 
and which will bo matim^d without irrigation while in others berscem 
has been sown with rabi ifrigatioh/ This will enable a study to be 
made of the dmerences in yields of normal crops gro.wri .liter a bamm 
crop of gram and an irrigated crop of berseem ofter rice, 

: lSS-A':ih, Loiccr — A detailed description of this 

area and the history pfits reclanialion was given in the report for the 
year The reclaimed laud continued to be on lease with a tenant- 

During Eabi 1040-41 wheat gave' an average yield of OO’O niaimds per 
acre. In Khurif 1041, 4-F ^Vmcrican' cotton was sown in six fields. 
This gave an average' yield of' 11 '0 luaunds per acre. The con- 
dition of kliarif crops of cotton mid sugarcane of 1941 is illustrated in 
Tigs. *2‘2l and ' . , . ^ 

From the yields of crops for Rabi 1940-41 mid KharU 1941 i^ 
is concluded that, if thurland is completely reclaimed with < no or two 
rice crops according to the initial position of the salt zone in the soil 
profile .uid the degree of .ilhalhiil; . » he : , 

yields of crops for a period of ten . ; , ; ; j ' 

of land undtr normal cropping on h 

to ocair- , ' 

2>chiwnitJOJi qj Tiiwr Land — lu Kharif 1941 the total arc.a under 
reclam.ition w.is S,500 acres. The total quantity of rice prodpeed was 
approxiniaioly 100,000 inamids which added a sum of rupees throe lakhs 
atlea^t to iho rtjuindara’ income. It is expected that gram sown in 
wadh-walur will give more than a0,000 mauuds of grain which means 
a further addition of Rs. 1,50,000 to the zemindars’ profits. _ 

In 1 94 T only, one rice crop was taken during the rico- season 
instead of two. ' Tlio sowing period was so arranged aa to enable the 
zonindars to harvest Uieir rice crop bef'^re the normal sowing period 
of gr^un.. This w'as helpful iu control ing ihorico borer and enabling the 
Zemindars lo grow* gram in wadh-wattar of rieCs The absence of the 
attack of the rice borer has encour.iged the ECiuindans and incroasetl 
their profits, 

, Costing .iccouuts have been maintained 'sep.irately for eacli' 
centre .uid for each ^^^e whero recbun-atioii was underfakeu on extr.i 
water-supply at conir.iet rates. Almost everywhere there h.as been 
a profit to^ the zemindars on the rice crop alone. If the income from 
the following rabi <ro]> of gram is included, the profits increase co«“ 
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1>U1 

' , • Xbe progrebd o£ luclumatiou frum lU*iO is shown by the iiicioase 
ii the water-supplies allotted whicli, are given in ,tlie following 
able 


* UsCLAllATlOff CI^TSU ros TUE 
i BKXLriT Of rETn ZC1I|>DAKS 


I UACL^aTIOW OM COKTmACT WATAit' 
strrucs tor tub bbxbjit of 
mo LANDLORDS 


j 

j 

1 Numter uf j 
! Centre* 1 

j 

1 EaUa 

W'Ater.*upplje* 

1 nllottca 

II 

’/r, 

1 

’ . KaUa 

, Water-auppljes 
» . allotted 

*' '' ' ‘i 

1 ' . 


\ 



1 

1 

Cuiecfi 


I Cuecc* ' 

mo 

1 

30 

10 

I 30 ■ ‘ 

mi ' ;; 

3 

137 

41 

76 

1512 


280 

lor, 

200 


' iSanQla-cum-Sukhcki Centre — ^Ah account of the progress of re- 
clamation in this Centre was given in the last annual leport.* It was 
stated that the average net income .to the zemindarj after deducting 
all expenses, .from the first crop of rice and the following rabi crops of 
gram, wheat and berseem was'Es.. tl6 per acre. The costing accounts 
for the area taken up in 1939 were continued. These accounts sliow 
that the yields of the second, rice crop and the rabi crops following rice 
Werq higher than in the, previous year and gave a net profit of Bs. oO 
per acre., -The total.piofit to tlie zemindar for the four haiwests, theie- 
fore, amounts to Rs. 86 per acre from laud which was lying thur and 
had. become valueless, > . 


' ■ -On. account of the piofits realised and the assuianee that re- 
clamation will continue, some zemindars have started speculation in 
the sale and purchase of thur land in this aiea. In Kluuif 191 1 tliui 
land unreclaimed, was sold at Es. loO per acre, 

. ,iln Ihibi 1910-41 gram sown in wadb-wattur i)f iin- in.ituifd 
without any iriigation and gave an a\erage yield of 13 iJ mannds pel- 
acre. • The yield of 13 '2 inamids, was higher than the yield of gram 
obtauied from the undeteriorated laud to whidi canal irngatH-n had 
been applied. 

‘ ' ' As a result of two successfurcrops of rice and the rabi ctops of 

gram and bei-seeni, 118 aeiv» ^Yere handed back to the zeiniudar-* after 
reclamation for cultivation on tbeir own water-supply. In thh area 
the following kharif crops were ^owu : — 

* .-(t/fA 


Sugarcane 

Cotten 

r«HiiK 
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The remaining area >vas prepared for rabi crops. Sugarcane- 
gave aa avei’age jdeld of ‘527 luauuds of stripped cane pOr. acw which. 
IS equivalent to 53 mumids of guri'^*" “ ' •* ' ' • 

In reclaimed land at Sukheki the yield of the Desi, variety of 
cotton was 7 '2 maunds, while the American gave lO'Smaunds. In 
both cases the yield of cotton' from reclaimed land is higher than that 
obtained from undeteriorated fields. In this locality cotton both in 
reclaimed land and in normal land has not been as successful as in the 
3’^ear 1940. This is probably due to sea^pual factors. Fig. 226 shows 
a typical cotton field in reclaimed laiid. 

In 1941, IS villages were added to the Reclamation Centie.. 
Eice was sown in 1,930 acres out of which 177 acres failed on accoiuit 
of high alkalinity and insufficient leaching. Rice was sold, by zeinim 
dars at prices varying from Rs. 3 to Rs, 4-5*0 per mauud. In calculat- 
mg profits an average price of Rs. 3-12-0 per rnaund has been taken.- 
A summary of the accounts for rice is given in Table LXIII. This 
'^hows a net profit to the zemindar of approximately Rs. 30 ‘5 per acre. 

A soil survey" of the fields hr which rice was sown in Kharif 1911 
is rn progress. It is expected tliat approximately 225 acres will b6 fit 
for normal cropping on zemindari w'ater-Mipply. ■ ^ These fields will be 
handed back to zemindars and more thur included for reclamation. 

A point worth mentioning is tliat, on accounf of the heavy 
rains in September 1941 the Avater-table rose and caiiie within, a foot 
of the surface in the depressions. ‘Observations show that -wherever 
teaching was in progress and rice had been sown fields came intow'attar 
(fit condition for ploughing and sowing) for sowing lubi' crops. Those,, 
in which salt was pre.seiit at or near the surface did not dry and remaiueu 
too wet. The zemindars %Yete unable to sow rabi crops. Tho-uet 
condition of laud is due to the presence of sodi,um sulphate 'which ou 
account of its hygroscopic pvopeities keeps tho^soil supplied with mois- 
ture and does not allow it to become dry. ; ,i ■ < 

• Along the Yaiiir Branch Br.iin where the water-table, is high ih® 
zemindars have, acting on the advice of the Department,’ started con- 
structing field drains. So far 5,000 feet of field drains have been dug- 
The Executive Engineer, RechnauDrainage. Division, has agreed to 
provide the outfalls for these drains. )'It is expected that all’the fiem 
drains will be completed before Kharif 1942. Reclamation' ’wul be 
started when the outfalls have been provided. The w-ater: from uie 
^ ^ ’ , It contains 160 parts of total somb e- 

•. ^ When all field drains begin to fune- • 

Kliv oaiu irom the soil crust wfill he washed m 

the field drains and then into the Vanir Branch Drain. This wiH euaDie 
reclamation and cultivation to bo carried on. 

The prosperity of the zemindars in the SaugIa-c»Hi-SukheUi 
Centre is evidenced from the transactions in land that have t® , , 
place during the year. As mentioned above thur land has been s 
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*ta jniceof Es. 150 per acre. In one on so the zeniinclar of the adjoining 
field paid Eg. 500 for an area of 1*5 acres ^\hicll was lying thur and 
which had been included for reclamation during Kharif 1942. Other 
zemindars have invested their earnings from thur land in pui chasing 
land elsewhere. 

Two Ncio Centres — From the results of the thur giidawaris it 
was known that the areas near Nnnkana Sahib and Jaramvala were 
deteriorating rapidly. Three new Centres were proposed for Kharif* 
1941 out of which two were tinally sanctioned. Nankana Sahib and 
Eangali areas were selected: 

An idea of the rate of deterioration in these areas can bo obtained 
horn the thur figures given in Table LXIV w*hich relate to 12 villages 
irrigated by the Upper Gugera Branch, Lower Chenab Canal. In 
the case of Mahmimwali for example the area under thur has increased' 
from 9*8 per cent in 1935 to 30*5 per cent in 1940. In Feroze it 
has increased from 0*97 per cent in 1935 to 18*3 per cent in 1940. 
The figures given in the statement represent the areas in which the 
damage due to thur has exceeded 75 per cent. 

In the Nankana Sahib and Dangali Eeclamation Centres, Gov- 
ernment had sanctioned, as relief to zemindars w’hose lands had become 
thur, temporary cultivation of undeteriorated Crown land either in 
the same village or in the adjoining villages and iiad under considera- 
tion seveial applications for permanent exchange- This made the 
task of selection of fields for reclamation difficult. The zemindans 
had*ao pievious experience of land reclamation or rice cultivation and 
thought they would gain notliing from the cultivation of land which 
liad developed salts at the surface. Tliey also considered that, if they 
accepted the increased supply of water for reclamation tlieir claim'' 
for exchange of land which had previously been admitted by Govern- 
inciit would not stand. With the close co-operation of the Dejmty 
Commissioners the majority of the zemindars agreed to start reclama- 
lion although their decisions in some cases w’ere late. Zeramdars of 
Chaks 561, 564, .566 and 587-G.B., however, did not agree and asked 
for the imdadi pipes, installed to give the extra water-supplies, to he 
lemoved. This decreased the area under rice. 

Another difficulty was that when fields were prepared and leach- 
ing had to start the Superintending Engineer found it impossible ti> 
run the 10 cu.'?ccs originally contemplated m the ICankaua Mmor. Tin* 
supply that cquM be allotted was only 1*77 cusecs. 

Some of the zemindars liad made elTorts to reclaim their thur 
fields by scraping salts from the surface and cither dumping them in a 
heap in a corner of the field (Fig. 2*27) or carting it to the neare.'it villagi* 
n)aa if the field happened to be near it. This method cuable«l the 
zemindars to obtam one or two crops after M'r.tping, After a peri<Kl 
of six months or a year the field became thur agahi. Thi» would U- 
expected since at lea>t 100 tons of salt have to bi* rciuuvt-d from au 
acre of laud before tl)e soil profile can be fiw of the aceuujulatt^J aalt 
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lU price of Bs. 150 per jicrc. In one case the zemindar of the adjoining 
field paid Es. 500 for an area of 1 '5 acres which wab lying thur and 
vhich had been included for reclamation during Kharif 1042. Other 
zemindars have invested their earnings from thur land in purchasing 
land elsewhere. 

Tu'O New Ccnires—Yi'om the results of the thur girdawaris it 
was known that the areas near Nankana Sahib and Jamuwala were 
deteriorating rapidly. Three new Centres were proposed for Kharif. 
1941 out of which two were finally sanctioned. N'ankana Sahib and 
Dangali areas weie selected: 

An idea of the rate of deterioration in these areas can be obtained 
horn the thur figures given in Table LXIV w'hich relate to 12 villages 
irrigated by ' the Upper Gugera Branch, Lower Chenab Canal. In 
the case of Mahmimwali for example the area under thur has increased* 
frona 0*8 per cent in 1935 to 30*5 per cent in 1940. In Keroze it 
has increased from 0*97 per cent in 1935 to 18 '3 per cent in 1940.. 
The figures given in the statement represent the areas in which the 
damage due to thur has exceeded 75 per cent. 

In the Nankana Sahib and Dangali Eeclamation Centres, Gov- 
ernment had sanctioned, as relief to zemindars wdiose lands had become 
thur, temporarj’^ cultivation of undeteriorated Crown land either in 
the same village or in the adjoining villages and liad under considera- 
tion several applications for permanent exchange. This made the 
task of selection of fields for reclamation difficult. The zemindars 
had*no previous experience of land reclamation or rice cultivation and 
thought they would gain nothing from the cultivation of land which 
had developed salts at the surface. They also considered that, if they 
accepted the increased supply of w’uter for reclamation their claim?' 
for exchange of land which had previously been admitted by Govern- 
ment would not stand. With the close co-operation of the Deputy 
Commissioners the majority of the zemindars agreed to start reclama- 
tion although their decisions in some cases were late. Zemindars of 
Chaks 5C1, 5G4, 5GC and 587-G.B., however, did not agree and asked 
for the imdadi pipes, installed to give the extra w*ater-supplies, to he 
n'nioved. This decreased the area under rice. 

Another difiiculty was that when fields weio prepared and leach- 
ing had to start the Superintending Engineer found it impossible ti> 
run the 10 cusccs originally contemplated m the Nankaiia Minor. The 
cQuld ho allotted w’as only 1 *77 cusccs. 

Some of the zemindars had made efiorts to reclaim their thur 
fields by sent ping salts from the surface and either dumping them in a 
heap in a corner of the field (Fig. 227) or carting it to the nearest villag** 
mad if the field happened to be near it. This method enablcil th** 
zemindars to obtain one or two crops after s<*raping. After a peri<Ml 
of six months or a year the field became tlmr again. Thi- would U* 
expected since at Ifa''l 100 tons of salt ha\e to bo removed from an 
aero of bud before the soil profile can be fiw of the .iceumuUted salt 
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schedule of asaerfsment applicable to reclamation centies was given in 
the report for the -year 1941. 

‘For' the big landlords who can afford to bear the entire cost of 
xeclamatioa Government decided to allot extra water wherever 
possible for reclamation at contract rates. The conditions are — 

(а) that the landlord or a group of landlords who apply for 
reclamation facilities should possess on the same outlet not less thdfn 
250 acres of land; 

(б) , that facilities for reclamation should be given for land which 
^ was previously under cultivation and which went out of cultivation 

on account of the appearance of thur ; 

(c) that the charges for the extra water-supply should be t he 
divisional rate per cusec ; 

(d) that for the supervision of reclamation a trained Village 
Assistant will be appointed whose pay, travelling allowance, etc., 
will be borne by the landlord. 

. As already stated, in the year 1940 the big landlords utilised 
•only 30 cusecs of extra water-supply for the reclamation of deterioiated 
land in 19 estates. In 1941 the extra supply sanctioned was 76 cusecs 
for 44 sites and the applications considered by the Land Reclamation 
Board for 1942 are for 200 cusecs for 105 estates. Fig. 228 is a map 
of the canal irrigated tracts of the Punjab in winch localities where 
reclamation has been in progress are marked. 

'The progress of reclamation for each caual system as indicated 
by the extra water-supplies utilised, is given in the following table : — 


Senti 

No. 

> Canal 

Extra, water, supplies poe exclauatioi^ 

during 

1 Sanclhntd for 

Kbarif 1940 

Kbarif 1D-H • 

Kbarif 1942 



,' ' Cuseca 

Cuscca 

^ Cneecs 

, 1, 

Lower Bari Doab Canal 

, 13-5 

34-5 , 

, / 70-4 

' ^ 

Lower Chenab Canal East and West 

■ ' 7 ’5 

‘ "33'25 •' ' i 

• < 80-73 • 


Circles , ! , i i 

1, IM I ' 



■ 3 

Upper Chenab Canal . . ' ' ‘ . 

'' . ' IQ o"' 

’ ■ ‘2*5 » 

>. 24-0' 

4 

Lower Jhelum Canal .. 

40 

‘' 3-5 

' ' 20-0 

‘ s 

Upper Bari Doab Cana] 

''■'25 

2*5 

' 3 S6 . 

. <*- 

Sutlej, Valley Project . , 

1 0.0, ,, 

. 0-0 ' 

, 2-0 

. ; 

j 1 Total,. 

*, 30*0 , 

r . .70t26* ■ 

. , jjoO'Ol 
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Haiala Estate — The yearly survey of the Eenala Estate area 
•iras carried out iu January loil. The total ar^a under thur was 1,489 
acres as compared with 1,*27C acres in 1940, i.e., new thur had appear^ 
ni an area of approximately 213 acres. 

In the Eeijala Estate reclamation has been in progress in two 
nmerent blocks, viz., Block A and Block B- Block A is situated in a 
aepression where the water-table is within 5 to 8 feet of the natural 
surface. During the rice season it rises to within hvo feet ’ Beclama- 
tion in this block has been treated as an experiment. In ICharif 1941, 
nee was sown in 246 acres in this block. The yield of rice varied from 
12*6 to 16*5 maunds, i)er acre. In land reclaimed in jjrevious years 
cotton was sown in 109 acres, sugarcane in 20 acres and fodder in 12 
'Ucres. Cotton gave an average yield of 7 maunds per acre. Seven 
maunds of cotton per acre from reclaimed land is a low yield. This 
is due to the fact that cotton held s are situated in between rice helds. 
^ there was more rice than cotton in this block, the water-table dur- 
ing the cotton growing season remained very near the surface. This 
depressed the yield of cotton. In Kharif 1942 reclamation will be under-, 
taken in another block. It is expected that the yield of cotton in 1942 
will increase as there \vill be no rice cultivation in the block. The 
condition of kharif fodder crops was excellent. 5*24 acres sugarcane 
which had been sown late gave an average yield of 42*2 maunds of 
gur. The rest was sold standing. 

During Babi 1941-42 the following crops have been sown : — 


furnijia 


1-22 

‘2i 


The condition of the rabi crops is good. 

A portion of the e\tr.i water-supply sauctioued for experiinenial 
work in the Henala Estate has been utilised in Block B which is situattxl 
above the dhaya .md where the water-table is 16 tevt from the natural 
surface. Boclamation in Block B 1 k\s been in progn.*s, »iace 
In Kharif 1911 rice was sovm in 33*3 acres. The a% crage yield of thJ 
ihoua variety exceeded 16 imimdi p^ acre wherbas Salhra yieljcj 
only 8 mauuds. The poor yield of isathra is due to the fact that when 
the rico boa'r attack w .is noua^l, the Jhona crop wos replaced by iiathra 
by raising fre^i wupery. Ihe crop sown Ute and woJ Lon 
late. Tins reduced the jic.J but the borer atf.*ck waa wioi.-t ” ? 
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In reclaimed land in^ Block B 'cotton' was sown in 11 acres and kharif 
fodders in 12’5 acres. Cotton gave, an average yield of 8 mauuds 
and kljarif fodder' upiirokiniateij' 250^ ’uiauiids pdr^acreV In Eabi 
1941-42vtbo foUo\t'ing crops bU'ye'rjeen'Siivu'iir reclaimed and partially 
reblaiihed iaiid of Block ’B’: — - -M i 

Acres 

Gram ^ ... , ‘ ‘ ^ o0*25 

j* . . . . . . ^ . . * ' ' 3*25 

,Bersu9m .. .. ^4:5 

The bondition of the standing crops is good.' ' ' 'i' 

Qoatiug accounts for reclamation m Blocks an^jB wer 9 
given nv the report for the ypai 11)40.’ Tlioso accounts werp con- 
tjinued and have been brought up-to-date by Colonel B^’ace, Agent. 
Kpnala psjtate, A sunmiary of thcf ac^oi+ptii, is given ^in Tabic LXVlI. 
Those apcouuts 3bo%Y a net profit of Rs. 1,847^. tlip estate.^ > 

Three hundred aiid fifty acres ot' reclaimed land iuve bean 
hanseled ovpr to the estate for normal ei op ping On iseraindari water- 
^pply. ' n - . 

■:u^' ^ijd^ition to tlib exporunoutuj reclamation Blocks A and h 
ti\9 Agent, Renala testate, applied foi twp^ of waler ,at conti;act, 

rntos.fpr^^^lie pievention of faud deterioration in ^,iueas,jwhere 
of thur wore visible at the suiface. cusecs extra jwatej^- 

supply were utilised in a new block called b and 98 acres of rice were 
sowuv Tfiis gave a yield pf approxiinately 13 maunds per acre. ' Dur- 
jug Rabi 1^41-42 the following crops have been sown after rice ; — 

, Acres 

Gram . - . . . . . . 76 

Berseem .. .. .. .. 21*76 

The condition of standing crops of giam and beraeem ig uniform 
and good.- The thur patches have disappeared. A soil survej* of 
this area;js m piogregs. The Agent, Renala Estate, has applied for 
permission to extend rice cultivation to other areas instead of taking 
a second lice crop in Bldck' 0. ‘ This j will bo i decided 'When the results 
of analyses. arc j available. j ,i< oo .■ .ii j; , jm .,.i 

>•- . .Colonel Bruce lias prepared ai. scbeme;foi; tbet cultivation ri(.e 
in > the remaining aioasiof the,, estate- to overrtako, detpripratiou as 
quickly US' possible.) Ho bas applied; for an' additional supply of 3’5- 
cusecs at contract- rates. * , r t i; . . . . I • ' < i ' 

! . ’ Ghalz 21i-D belonging to Pir i\io/t<i»w?wid.Hus5aiur— A/ description' { 
of- reclamation in this chak was given in- the report tor the, year 1940. . 
From the.results of anaB'ses after two rice crops-it.wds known t}iat,tboi 
salt was afc'a depth ot about- 7 to-8 feet' from! the natural surface. For • 
coiuiilete-roclamatiou a third -rice crop wai necessary. This waa sown ' 
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in Kharif 19 il. Costing accounts for 50 acres of tlmr land taken nn 
lorToclainjitiori in 1939 aro given bolow 



1 . 

Khanf 

1939 

llabl 

1930.40 

1 

Kharif 

IWO 

1 

Uabi 

1940.41 

Total 

Btofil’ 

^t>Ji9rd'4 Slwt 

Us 1 

lla : 

U3., 

Bs. 

Bs. 

Bs. 

luoome 

310 

$38 

$30 

941 1 

2,318 


SxpendaQrs ,, 

a45 

38 

534 

i « 

1,165 

1 1,103 

reaann’ Share 







looome , 

310 


43a 

731 

3.054 


fixpoiuJitttre . . 

178 

38 

1 188 

133 

389 

1,463 


For tlio four harvests the landlord has had a profit of Bs. 1,1G3 
whereas the profit to tho tenants was Rs. 1,465. After throe rico crops 
tho land has been completoly reclaimed. Final costing accounts will 
ho available in the next year’s report. 

During Kharif 1941 the Fir Sahib extended reclamation to tho 
adjoining area on a further supply of ono cusec from the Sborgarh 
distributary, 

Gltafc 07/9--L — ^This chak which consists ot an area ot 1,100 acres 
belongs to Rai Bahadur Baaaklia Singh. Approximately 250 acren 
had remained untouched until 193S when reclamation was started. 
Ah the land was old Icallar and was of tlio Bara typo the landlord started 
reclamation on direct labour under the supervision of tlio Land Recla- 
mation Department. In 1938 reclamation was undertaken on *5 cusec 
of extra water-supply in an area wliicli was more thur than rakkai, 
Tho Rai Bahadur applied tor extension of reclamation to the 
Rakfcar typo. Tho progress of rt'rlaiiiatioii is given below : — 

Eiira u'xitcT-iuppl^ .Iroi under rut 



CilSfU 

Acris 

KluuU l‘JS3 

.. ’5 

23 

„ luai) 

, . 'S 

00 

„ 1010 


92 

u I'Jll 

.. O'O 

101 


After two rice cujps AiUoricau ootteu was tried in Kharif 1911 
ill S ucrort, HUgareatto in Italf uu aoiv>, l)e'*i oottvm in 2 acres and a kharif 
crop of Guara tii 7*5 aeiwn Anuuioan colt on gwo an average vioM 
of 11*7 mauudn pev iwio, l\> Usbv I'.UV'l'i t\u> VoUowing crops ha>d 
boon hown ; ♦ • 

.(iT« 


Uram >> «> 

WImmV 

II u " 


4 

11 
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In reclaimed laud in^ Block B' cotton' was sown in 11 acres aud kharif 
foddeth. i] .■ . ‘ . ■ ■ ■ ■ ■ ■ of 8 maunds 

and’ Idiai . ■ ■■ :to. In Eabi 

l941-42vl ^ \ 

ibcltiimed land M ‘Block 'B': — ■' ',.’1/’ j" * ' ' ' * " 

Acres 

"•f ' ' ,, ^ ‘ 1 j ‘ 'j , ‘ u0*25 

''3*25^ 

_ _ . .Berseem, ,, i." ,, 

.i ‘ > Xho condition of the atauding' crops is good. ■ ■' '' 

. . Qpatiug accounts for, retlamatipu in Bipcks and B lyerq 

givqn i^.itho report for the ypai 1040. " Tl^eso accounts iverq con- 
idnued and have been brought .up-to-date by^ Colonel Brace, Agent 
B^naia Estate, , A sumj^ary, of the ac<^ount3, is given ^in Table LX VII. 
These ^accdimts, show a ^et profib pf Es. tbe.eatate., , 

Three hundred and'ttfty acres of leclaimed ‘laud have been 
banned- over to the* estate for' normal cro])ping oii zenhndari water- 

^ijpiy* I'ii' ' f'Ml’*' i’ 

In iij^ditipn .to jtljh exp’oriiuontqj roclamatiop mjBfocks A aud h 
tl\q Agent, l^euala_l^stat 0 , applied^ for 'twp^cuseos of ‘water at cpliti;act, 
rutea^fpr.^^iiQ - prevention of, ,^and deterioration in, areas where si^f 
of thur wore visible at'tbe sinface. |CUBe^ .o£ 'exlm 

supply were utilised in a new block c ailed C Vmd 98 acres of rice were 
Bownv.. . 9 ^ 1 ? m^vnnds per acre. ' Dur- 

ing Eabi 1941-42 the following 'crop's have been sown after rice : — 

. - Acres 

Gram , . . . . . . . 76 

Berseem .. .. .. .. 21*75 

The condition of standing cropa of gram and beiseem is uniform 
and goodr' The thur patches have disappeared. A soil survey of 
this area’ is in progiesfa. The Agent, Eenala Estate, has applied lor 
permission to extend rice cuUivation to oti’er areas instead of taking 
a second lice crop in Block G. ' This will beidecided'whon the re'^uHs 
of .analyses, are, available. , ,i( , .f t, 

. . .Colonel Bruce bag propareti.a scheme. for the;caltivatiou of rite 

in • the. remaining areas rof the,, estate to over-take,. deterioration as, 
quickly as possible.: He has applied for an’ additional supply of 3*5- 
cusecs at contract- rates. I ■> , . ! - , - 

' • ' . Chah 21-D belonging to Pir MolianiTiiadMussam — A /description',' 
of reclamation' in this chak was givori in'the report for the, year 1940. , 
Erom the-results of analyses after tw o rice crops it was known that^ei 
salt was at a depth of about 7 to 8 feet fromithe natural surface, Eor • 
complete reclamatiou a third. rice crop was necessary. This waa sown ' 
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1 

* * ^ Particulars 

l^iidlonl's alia*? 

• * t ^ ' 

^ nbaro 

Total 

■l 


Us.'A.'-ri ' ' 

) ■ lia. A. r, 

. A»». t. r. 


Laod rcvenuo oa abOTc arcs 

* * 253 1 1 c’ * ‘ 

’ ^ :253 H C 

• ' f07 13 0 


Water rato for — 

/ . 




Wheat ^ .. , 'J... 

2 2 0 

2 J 0 ‘ 

4 4 U 


Bcrsueia 

25 15 0 

25 15 0 

51 14 U 

a 

26 .maundsi grant acrd at 
U#. 2-12-0: 


*71 8 0 

‘71 S U 

4 

4*2 maunds bcrttcciu sctd at 
Ha. 15 per maund 


‘ (13 0 O' 

OJ 0 It 

5 

30 aecra wheat BeH 

1 2 0 

1 2 0 

2 4 0 


Total 

283 1 0 

417 U 0 

700 1 1 0 


INC05JE 


OopB. 

Total yield 

1\ iigi » 

Lnndloid' 

n ahare 

Teimiita' ithdre 


MdB. S, 

Mda. S. 

Mda. 

8. j 

Md*. H, 

Gram 

773 0 

45 10 



3.^2 10 

Wheat 

8 7 

0 10 

H 


:i 20 


Particiiltirs 

L.tiidliirtl 

Tell -ut^ 

Piico of gram at Rb. 3-J2-0 per, 

Rs. A. r. 

1,100 I d 3 

P*S. » 1- 

i;)2i b 0 

maand 



Prico of wheat at Rs. 0*5-U per 

l:i t' 0 

1-2 U 0 

maand 



Prico of berseem •• " 

itAi 15 ? 

divi :z 3 

ToUl 

U 0 

0 9 
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During Rabi 1941*42 tbo following crops liavo boon sown : — 

' , . Acres 

Gram •. .. ,*26;62 

Berceem .. .. .. , 5,^ 

Drom tbo costing accountSi tlio total net probt to the landlord 
as a result of two kbanf crops of rico and. a rabi crop in bot\\'oon bas 
been Es, 871‘. Tbo condition of tbo land: baSi, considerably improved. 
This is wbat the landlord values moro than tlie actual profit^, A soil 
survey is in progress. It is expected that after’ twd rice' crops some of 
tbo area will bo banded back to tbo landlord for cultivation on 
zeiuindari water-supply. 

Chak 25/11-L belonging to Bai Sahib Chaudliri Bahadur Chand^ 
After a successful crop of rico in I^arif 1940, gram was sown in IGaoies 
and berseem in another 16 acres. Through tbo carelessness of the 
tenants gram was not sown in time. This gave a poor yield. The 
crop of berseem was normal. In Kbarif 19-41 approximately 49 acres 
ofi rico were sown. A coating account bas been maintained since 
Kbarif 1941, Acoording to this account the total expenditure incurred 
by tbo landlord is Es. 538. The total income to tbo landlord is Es. 80S 
which means a not profit of Es. 265. In a portion of the reclamation 
area tbo soil crust is thin and the sandy stratum starts from a depth 
of about 3 to 4 feet. A soil sur\'ey is in progress. It is expected that 
at least half tbo area wll be fit for normal cn)ppuig during Kbaiif 
1942. 

Chak 126/15-D belonging to Sardar Bahadur Cjjal Singh, 

Tlio total area of this village is 2,673 acres out of which 2,503 acies is 
culturablo commanded. Tbo entire laud has been purchased by Sardar 
Bahadur Ujjal Singh, A largo portion of this estate is Bara land of 
which both' the salt content and the pH values arq very high. Eorthe 
reclamation of this • area the landlord bought two tractors and 
atoam tacklo with the necessary implements. According to the, Sardar 
Bahadur ho had spent Es. 3,56,941 on reclamatioft and ho bad been 
able to bring under cultivation ord}* 1,635 acrei in a period of 18 years. 
In addition to steam and tractor cultivation, the landlord spent 
large sums of money on carting silt to the fields. According to • 
his accounts it cost him approximately Es. 200 to loclaim one*- 
acre of land, tbo standard of reclamation being a 3 ’iold of cotton 
varying from 3 to 8 maunds. Tbo estate was noted for tbo tirak 
attack on cotton. Tbo normal zemindari water-siipply for this chak 
is 8*4 cusccs. Erom 1922 to 1934 the area irrigated was much bolmv 
tbo permissible. Since 1934 cultivation was increased, but the yields' 
of crops wore never normal. This is supported by tbo Uiaraba given. . 
It bus varied between 11 and 24 per cent. The land is classed fourth 
class for land revenue assessment and is put in schedule B rogordmg 
water-rates. 
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During Rabi 1941*42 tlio following crops bavo boon sown ; — 

' ’ Acres ' 

Grom ’ . . , . , 26/62 

BerEeem' .. .. , 5,, 

Drom tho costing accounts, tbe total net profit to the landlord 
as a result of two kharif crops of rice and-a rabi crop in boWoon has 
been Rs. 871‘. Tho condition of the land- haSi, considerably improved- 
This is what the landlord values more than the actual profit'! A soil 
survey is in progress. It is expected that after' twO rice crops sbme of 
tho area will bo handed back to the' landlord for cultivation on 
zemindari wator*supply, 

Ghak 25/ll.L belonging to Bai Sahib Ghandhri Bahaihir Ghand— 
After a successful crop of rico in I^arif 1940, gram was sown in 1C acres 
and berseom in another 16 acres. Through tho carelessness of the 
tenants gram was not sown in time. This gave a poor yield. The 
crop of borseem was normal. In Kharif 1941 approximately 49 acres . 
of, rico were sown. A costing account has been maintained since 
Kharif 1941. Acoording to this account tbe total expenditure incurred 
by tho landlord is Rs. 538. The total income to tho landlord is Es. 803 
which means a not profit of Es. 265. In a portion of tho reclamation 
area tho soil crust is thin and tho sandy stratum starts from a depth 
of about 3 to 4 feet. A soil survey is in progress. It is expected that 
at least half tho area will be fit for normal cropping during Khatif 
1942. 

Ghak 126/15-Zi belonging io Sardar Bahadur Vjjal Singhs 
Tl)o total area of this village is 2,673 acres out of which 2,503 acres is 
culturablo commanded. Tho entire laud has been purchased by Sardar 
Bahadur Ujjal Singh. A large portion of this estate is Bara land of 
• which both' tho salt oontont and tho pH values aro very high, ^or tbe 
reclamation of this area the landlord bought two tractors and 
atoam tacklo with the necessary implements. According' to the Sardar 
Bahadur ho had spent Es. 8,56,941 on roclamution and he had been 
able to bring under cultivation only 1,635 acre^ in a period of 18 years. 
In addition to steam and tractor cultivation, tho landlord ' ipent 
largo sums of monoy on carting silt to tho fields. According to • 
his accounts it cost him approximately Es. 200 to reclaim one’ 
acre of land, tho standard of reclamation hoing a yield of cotton 
varjdng from 3 to 8 maunds. Tho estate was noted for tho tirak 
attack on cotton. Tbo normal zemindari water-supply for this chak 
is 8*4 ousecs. Krom 1922 to 1934 tbo area irrigated was much below 
tho permissiblo. Since 1934 cultivation was increased, but tho yields 
of crops wore never normal. This is supported by tbo kharaba given. . 
It baa varied botwoen 11 and 24 per cent. The laud is classed fourth 
class for land revenuo assessment and is put in schedule B regarding 
water-rates. 




L. B D. C. CHAK 126/15-i. 
Rice in area under Reclamation 
Kharif 1941 




2i5 

' 'In Kljurif lOiO the ‘ landlord applied for ajjjjistauco. ' Boola* 
Ration , was ‘started in a compaot block 'on an extra*’ 'supply* i of 
two.psecsl" Prom tlio soil survey of tlio aroa tbo Sardar -Babadur 
was informod tlilvt reclamation 'would takO 'at loUst' three rioo-eropa 
yields of' rice m'|llip first two yearsSvill bo poor* ‘'Al further 
difficulty, was tliat.'tlio' tenants' and the heldars’ employed had oxd! 
peneuce ot rice (cultivation!. ‘ During ICharif lOdO^’ 102 -'acres ’ of rice 
^erii.sown.^ |Of tliis 2G'5 acres werq a complete failure. The 'area 
harvested gsivo^i 11 average *3*ield of 7 '8 liiaunds for tlio Sathra' variety 
2'o^iuaund.s'loi the, JlioiiV variety. ' Grim and berseem' following 
lice, were'. more^ successful: Seeing the growth of gram and borseem 
thoteuauts at j, tlio ‘farm applied for land to bo g^vea* to them' oii* 
hatai. Altbouglr the 'land was only pattiall^^ reclaimed the Sardar 
Bahadur was satisfied with tho method ot re Mama tion- and applied- 
to the "Land Iteolainatiou Board for an increase in the wn tor-supply .b 
It luaj* ho mentioned that' the rate for the (iontract suppIy^ of’ water- 
is liigliei than the' rate in schedule B' under ^Yllieh the lahd*i^ ordinarily’ • 
assessed. In spite of tbis,_ the landlord' was willing 'to spend* 
money on the extra M-ater-supplyaild increase the' rate of reclamation. 

In Kiiarif 1941 reclaiiiatioit waS^ extended in chak 126/15-L' and' also 
in land belonging to tlni Sardar Bahadur in otboi villages. Tho follow- 
ing are the details 


— 

Extra water-supply 

Bice sown in acres 


C^sccs 


Chak i3C/l5-L 

8 

8d3 

;j 125/15-L 

2 


.. lai/ifi-L 

3 .! 

81 
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ol salt had, been noticed at the suiface. Daring IQiarit 19<10 onlj? 133 -• 
acres' of rico->vero s^own, ^vhich gave ‘an average yield' of 13 maunda 
per acre. - It was stated that the conditions in lOianewal did not* 
permit a larger area ot rice t 9 bo matured. Th e experiment on roclarna- - 
tion in the B. C. G. -A. Estate. was, therefore, restricted to 3 cusecs in- 
Kharif.1941 so, that the area per cusec reclaimed' cguld bo determmed.- 
A new. compact (block, of laud, was selected and a Besoarch Assistant 
was posted to, supervise reclamation. In the year 19-11 it was pps-- 
sible to grow 123 acres of .lice on. 3 cusecs of extra water-supply which - 
is equivalent to a- duty 6t 41 acres. Out' of the total area, sown 
approximately 20 acres xyere flooded by salt-charged water from ; 
the adjoining salt land which was caused on account of a breach in 
the, watercourse of a zemindar outside the estat... This damaged 
the I rice crop. .Excluding the, area failed the average yield of rice 
during Kharif. 1941 was approximately 11'5 maunds per acre. 'In 
the, wadh-wattar ot rice 90 acres of gram w'ere sown. 19*8 acres of 
berseem and 13*1 acres of gram were sown after raunh The condition’ 
of the standing rahi crops is good. ' ■ , ' 

. ‘ The area. which carried rice in Kbarif 1940 was also kept under 

observation., ~ During Eabi, 1940-4fgram was sown inj 07^ acres and 
berseem in 49 acres. . Gram.was matured barani without any irrigation 
and it gave a yield of over 14 maunds per acre against 8*8 niaunds, , 
the average yield of gram in the estate as a whole. From the’ field 
examination ot soils and the yields of rice and following crops ot berseem 
and gram it was indicated that a second crop of rice should bo taken 
to depress the salt zone to a depth of more than 10 feet. As, according 
to the decision of the Land Eeclamation Board, reclamation had to, 
b,o shifted to a new compact block, the B, C. G. A. grew cotton accord- 
ing to their normal cropping scheme. From the yields of rice and the- 
following rabi crops the area was divided into two classes. In class I. 
were included those fields where the yield of cotton was expected to ' 
be normal and in class II those where the expected yield was [Below 
normal. Final yields for cotton are given below : — ' ' 



,^ea ha^eated in 

acres 

1 Average j ield per 

aero 

f-/ • , 



. , Mds.* 

ChakBS/lO-B ’ . .. 

Desi cotton . . . . 

2*0 

9 *35 ' 

v .1 . 

American cotton.. 

, 48 -03 

8*96 , 

Chak 81/lp-Ri ^ ' :! 

American cotton.. 

35*67 

11 *98, 

f 


' . The following is an extract trom one of Mr. Jones’ reports 

“ On ,tho whole I am inclinedito agree that the cotton emp- 
in tbo poor land treated to reclamation is better than that on similar- 
land nearby and I feel pretty sure tliat poor laud treated to lico crop' 
as per your scheme greatly benefits thereby and' the attack of tirokj 
is reduce d." ’ - ' ■ . 
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\Vl>oro tlio salt itf heaviest your troatmoiit undoubtedly is 
ot very cousiderablo benefit and we nro convinced oi tbia 
' ' As tbo area under reclamation in Kharit 19-10 was abnormally 
low and a now block of land bad to bo selected for reclamation in Kbarif 
J^'^costing accounts cannot bo prepared. Tbo area under roolumation 
la Kbaiif 1941 will carry rice again' in ^Kbarif 1942 if tbo salt zono is 
not depressed to a depth of 10 foot, m At tbo end otKbnrif 1942 correct 
accounts will bo available. These will bo given in tbo next annual 

report. 

' Chah 57/4-R hdonging to Ca'piain Sodhi Harnam Singh, 

1*5 cusecs of extra \yater was, sanctioned, ^Yitb effect from Kb arif 1941 
for f bo reclamation 6t salt land in this village, beaching wa<^ started, 
on ApriMst. Kico.'was transplanted' in tlio month of Juno in an aioa 
of 74 acres which tjave'ah average yield of,' 14 ■ 8 maunds per aou\, 
Coring Eat 

areaot62*& 

niaihtaihed . . 

Sharif 1941' w^as Es. 727.’ 'The total "produce of the landlord’s sharo 
■wa3'540 maunds of rice which' 'wa'8''sold at E's. ' 8-1-3'' per' maund, 
giving a total income of Es. 1,060-13-0. The not-incoino 'lo tbo 
landlord is, therefore, Es. 933-13-0. 

■ " ; i , (6) Lower Che nab Canal 

} Thaita Asdlat — Tiiis village belongs to Er. Sbeiklj Jlubaunjiad 
Alam, M.L.A., Barrister-at-La\v. A considerable area of tliis villago 
has deteriorated and has reached the Eakkar stage. As the village 
is situated at the tail of a minor only half a ciisec of extra water-supply 
was given for reclamation. ; 

T>%'enty -seven acres ot rice were so\mi wliicb gave an average 
yield or 12*1 maunds per acre. 

During ,rabL 1,8*7 acres havo been put under borseem. A 
summary ot tbo accounts is given below ‘ • ji 

EXPENDirUnE ' . ’ ■*' 


— 

Ttu.uits' khan? 

i 

Landlord's bhare 


lU. A. r. 1 

i . iia. ». 

Load Itovcuuo .. «. 

Ui 0 0 

27 0 0 

Wafer llatoi 

IIU 0 0 

lie 0 U 

Seed 

i li 4 0 ; 

11 4 0 

Misccll<i)u-oiu lAjuUnw ». 


0 0 


.1 tv' t a :rj I u 


N.R.— L't Wo**' *♦ «*»**»1* 4 
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Sale o£’ 704*9 maunds of Jhona @ Ra. 8-5-8 .. 2,304 6 9 
Sale of 125*4 mauiulij of Sathra @ Ea. 2*10-9 .. 885 0 U 

Total income* ‘ . . 2,099 5 9 
Net income . . - . . . . . 1,289 8 0 


Not income jK'r aero . . , . . . 27 1 1 0 

During rabi, 12 acres of gram were so\Yn in wadb-wattar of 

lice. 

Village Duhhar — This village belongs to the same t^pe of land- • 
lords as that of village Jandraha, but the zemindars in this case took 
more interest and put <17 acr^s of rice on ah extra supply of one cusec. 
To start with, the zemindars , experienced considerable difficulty in 
constructing the watercourse in other men’s land .who had agreed to 
give land . before the application was submitted but refused ‘ later. 
With the approval of the Superintending Engineer, the' E. 'D. of the 
special outlet was changed to a site where zemindars’ could dig a water- 
course in their own land. This made the somng of rice late. The 
varieties Jhona and Sathra w’exo sown which gave 15- 2 and 8*9 maunds 
of yield per aero, respectively. 

Harvestmg of rice was also late which did not enable the zemin- 
dars to put the whole area under gram. Only 13 '25 acres of gram 
were sown. Unlike the zemindars of Jandraka the landlords of Dubbar 
incurred practically the whole of the expenditure themselves and shared' 
the produce with the tenants half and half. The costing account* is 
given below : — 


ExPENDITUnE 


• '*’ *' ' ■ ' ' ’* li /■! in , , 

Tenants’ share 

Landlords’ share- 

> . Rs. A. P. 

Es. a', p. 

Seed . . . . , . ' ‘ • 

25 14 G 

Hanaro ' 1 . , . • - ... 


Transplanting ‘ 89 0 0 


Pay of Villago Assistant . . . . ' 

1 77* 4' 3 

land Eoveaue , ' 

1S9 4 0 

"Water-rates 

1 . 691 0 0 

Miscellaneous expenditure • ♦ 

1 52 9 0 

Total ,. 89 o' 0 

1 985 15 9 
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1. Sale . of Satlira , -ll 
maunds 31 geors at 
Rs. 2-10-0 per mauud.. 

-2. Bale of Jlioua 253 
niaonds H ’ eocrs at 
Rs. 3 per inauud 


IncouB 

Rs. A. P. j p»9. A, P. 

Sale of Sathra 4l ’inauods 
31 aecrs at Its. '3-10 0‘ 
lOS 13 9 per maund . . lOS 13 9 

Sale of Jhona 253 mauuds 
14 seers at Its. 3 per 
760 0 9 maund .. 760 0 9 


Total . . ties 14 6 


Total 


. . 863 14 6 


statement showing PROEIT OB LOSS PER ACRE 


I Tenants 

Es. A. P. 

Total expenditure .. 89 0 0 
Total Income > ' ' ' ‘ . 868 14 6 

Net Ineomo - . 779> 14 6 

Total area under rice 47 dcres.' 
• Profit per aero . . lls.‘ 16*6 


Landlords, 

‘Es. A. p. 

Total Eexpondiluro .. 985 15' 9 ' 
Total Income sbs 14 6' 

'Notios<j -.,117 i ‘s' I 

Area I sown ' •• 17 acres 

Not Ipss per aero .. Bs. 2*5 . 


Samm — In this village several zeminJavs joined to take a con- 
tract water-supply for reefaiming their ihnr fields. They worked' 
in co-operation with each other in all reclamation operations iacluding^ 
short-period waris. 1 ,*5 cusecs of extra water-supply was ' allotted. 

""The following varieties of rice were sown :~ 



' 1 

1 Area sown in .acies 

Average yield per 
aero in luaund.^ 

Jhona 


~ 10*5 

22 

8athra 


61 

27 


A statement of accounts is given below : — 
KhariJ 1941 

ExI’KVDIIUHB 




Eb. X. 

r. 

1. 

t'Ohk *00 J . . 

33 13 

3 

2. 

Transplanting charges 

.. 143 0 

U 

3. 

Water-rates 

.. 1,035 0 

0 

4. 

Land Eovejiuo 

.. 1S3 12 

U 

5, 

MarLct oxpeuM^s 

. , 13J 9 

C 

tt. 

ILac vesting, thresliiug, cartage, etc. 

.. 653 2 

9 

7. 

Mnicullaucous 

.. ICO 0 

0 


Total 


2;J13 5 6 
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lxi:oMK 

Sals ol 1|511 jn.vuijtK ol Jiioua (Tj, lls* 53*l*7l 4,002 8 0 
Sale oli‘220*() iiuuVuIh of Sathni @ IN. 2-5.8 -512 9 0 1 '• 


'I’ot.d iiicuuio 

.. 5,175 1 <) 

Total expendituro .. 

/. , 3,812 • 0 0 

Xut incoino 

. :},l02 12 0 

Net iiiconio ptT ario ’ .L ■ 'v. 

. lU. 11-2 


Chak 4-K. Bi — Cliak 4-E.B. is ono village of an estate of.o,34T 
acres belonging to Saidar Sohan Singh, Bais, of Hawalpiudi. In the 
old settlement records this land was classified first class’. Signs of 
thur were noticed 15 years ago. In the year 1910 the landlord made a 
survey and discoveied that out of the total area of 5,947^acre3, approxi- 
mately 1,500 acres were affected by thur. A large poition of tliis 
had completely gone out of cultivation. Ho applied for laud’reclama- 
tion in the year- 1940, but the application was received late. ' In the 
year 1941 four cusecs of extra water-supply were ‘ sanctioned. As 
rapid deteiioiatibn was in progress the landlord thought that sooner 
OX later almost the entire estate will become thur. Ho applied for 
permission for sowing rice in compact blocks 'irrespective of' the fact 
whether a field w as completely thur or in a stage of early deterioration. 
A soil survey was undertaken and it was found that in the compact 
blocks proposed the zone of salt accumulation was either at the surface 
or within 3 or 4 feet from it. 


Eeelamation was undertaken in two blocks ; block A and 
block B. After leaching the areas given below w’ere sown : — 


VatKty , 

j niocii A 

1 Eloce n 

TOtae ^ 

Area 
untter # 
nco' ‘ 

YjeU 
p'er aero 
of nc& 

Area 
Mndt r 
' ricoi|j< 

Yield 

per nrrp 
of rUp 

.U-cft 

under 

Averaso 
yield 
per acre 


Acres 

SWs. 

! Acres 

Md- 

Acres 

' lids. 

Satbia .... 

lS-5 

29-1 

6-3 

]8-3 

2A-8 

, 23-7 

Jtetna ' ‘ 

. AO'S 

. OS 

8i‘8 

12-27 

133-3 

16-65 

Mehlar , i *. 


i 23'A 

1 

5-5 

1 25-3 

1 

29-70 

26-34 


The combined average yield 'is 21*9 maunds per/acre. The 
relatively low yield of rice in block B is due to the following reasons : — 

' (i) The land had been abandoned for years. The deteriora* 
tion had reached the rakkar stage. 
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(li) Mo5t of Uio tenants Inul to coino fix)in tong itistaneod an* 
were not fainilmr \vith the enltivation of rice. 

During rabi the following crops have been sown : — 


Block Xo, 

Crop 

! 

1 itt liiii'H 


Berscein 

' ,'5-1 

B 

Bermon 

7-1 

A ’ 1' 

Gram in wadb-wattcr 


R 

Gr.vir in ^viv^lh•^vattcr 



* Tho conditioh'of tlie standing rabi crops is good and yields aboycv 
normal aro expected. ,, 

, Coatpig accounts ha^ e beun in.iint.nned. T]u*sear<j gi\ un below ---i; 


P-NlT-NUITI'll]. *■' ' ' • 

Tcjioh/s' ^htiTC lAtmVoiiVs ^ 



, B&, 

. \ p. 


Bh. A. 

'p 

Coht of seed , 

.. 104' 

'■7 a 

Inigalion 


0 _ 

Cnj^t 'of iiuniiri- 

yo 

4) n 

Pay i»f ViJlugo 


'ij' 

Transi>laiiting ' 

.. :53l 

1 0 

Land Buvenue 

on; 8 

Or 

Laud Bovonuo 

. . IHG 

S 0 

Water li.ltei 

1.^100 0 

0 

AVafer Bales 

. . ] .sue 

0 0 

Misiellaneum eNpenili- 






tun* , , 

iilb 0 

(J 

‘I'ot i1 

. 2 ni.-i 

a a 

Tota! 

•2M J 1 

(1 


Inlxjvj. 


, i Z^aultortl'* 

. . lU. 

(i) Sale auil ^ll IJ.i) luiii’rb ’'I'i 

M'trs .U lU. 2*ir'-e I’tx n.U'l .. 12 

p») Sale uf iJtttliia 'Jc''’ lu. 20 .‘ui' ,n 

Hn 2«ii-a. iKi iuu»*l . i'.j2 7 





Krt pu.lil t»< d>'' I ai \’t \\\ 

I'jUil I'U lnU'xO ivu« »' H'v'UnS 


.. i.r.v 5 it 
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I.NOOMU 

Tenants’ share Lamllord's share 

Es. A. p. Rs. A. P. 


1. Sale of Jboua aud 
' I^Iehhr (8:25 luauuds 

!30 soers jibis 81 G 
maimds 20 soers) 

1,112 maunds 10 

seers at Es. 8 per 3,12G 12 0 

uiauud 

2. Sale of Sathra 235 

luauuds 19 scers at 
ps. 2* 10-0 per 
maund . . 749 G 0 


Sale of Jhona aud Mcblar 
(274 uiaunds 30 8cer^ 
plus 103 inaunds 20 
soers) 378 uuiinds 10 
scers at Es. 3 per 
maund ..1,134 12 0 

Sale of Sat lira 100 
maunds 13 t-eers at 
Es. 2-10-0 per nuund . . 2G3 5 G 


Total . . 4,176 2 0 


ToUi . . 1,393 1 6 


PnonT 


Landlords 


Es. r. 

1 Total fxpeuditure .. 1,970 0 0 

•J, Total mcouie . 4,17G 2 0 

3. Net iticumu . . 2,200 1 G 

4. Area selected for recla- 

mation . 100 acres 


Ei 


Total expemlit lire .. A*t7 
ToUl mconu* ..1,393 1 

Net income ..1.398 1 

Area selected for recl.i- 
mation .. 100 acre 


.5. Tiytit per aero ..Es.22 0 0 Profit per acre ..Es.l4 0 0 

This sltow's tlirtt tlio landlords obtained Ks. 1,40S from laud 
which Tvas predousl}' thur without any investment oir their part. 
This is equivalent to Rs. 14 per aero on the total area selected .ind 
Rs. 18 per aero on tho area sown. ' Tlio tenants incurred an expoudi- 
turo of Rs. 1,970 and obtained a gross incomo of Rs. 4,176 which loft 
them a balance of Rs. 2,20G, i.e., Rs. 22 per aero on area selected and 
Rs. 27 per aero on area sown. 

Village Jandicali — -This village belongs to Dewau Brij Lai of 
Eminabad, the estate being under the management of the Court of Wards, 
Gujranwala. The Deputy Commissioner, Gujranwala, having received 
reports of the appearance of thur in this vUIago applied on behalf of 
the Court of Wards for leclamation on extra supply of water. xV soil 
survey was undertaken and it was found that although salt was a 
characteristic of the area it had appeared at tho surface only ni a 
portion of the estate. These fields had, been abandoned for cultiva- 
tion. Ill others ppjehes of thur bad 'started appearing. A compact 
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Week of 50 acres wiS selected. Rice ^vas sown in kharif 1941. The 
following are the results : — ‘ 


— 

Aiea sown in 
acres 

Average yield per 
acre in maunds 

- Jbona — 349 

34*6 

26*6 

Sathr.a— 278 

15*3 

24*0 


During rabi gram has been sown in 47 ’5 acres in wadh-wattar 
•of rice. The condition of the crop is satisfactory. A summary of 
-accounts for Miarif 1941 is given below : — 

ExpendiIure 


Rs. A. p. 


1. 

Cobt of seed 

25 

15 

G 

2. 

Trau'iplantmg charges 

.. 100 

0 

0 

3. 

Water Rates 

.. 643 

0 

0 

4. 

Land Revenue 

113 

9 

0 

5. 

Harvesting, tlireshiug and cartage 

377 

15 

6 

6. 

^Market expenses 

.. 118 

5 

6 

7. 

Misjcellaueous 

100 

11 

0 


i'otal .. 11 a 

I.NCOilE 

Rei. A. P. 

1. Salo of 917*7 inauiids of Jlioiia @ Rs. 3-1.6 ‘J.SSD 2 3 

*2. Salo of 367*5 mauiids of Satbra @ Rs. *2-15-1 1,031 8 0 

Total mcomw . 3,920 lU 3 

Total produce 1,‘2S5 maunds 51 bocis. 

Total vapLudituro 1,519 11 6 

N\*t , *2.'^0 1 1 9 

Laudlurd’s bLaru .. .. .. 1.251 *2 3 

Tenants’ bbaro .. .. 1,1*29 12 6 

The not incomo after deducting all exi^u-ci w..3 divid-ihilf 
and half between the landlord and the tenants. Tho LnJJord in aiii* 
tiou charged from tenants a sum of Rs. 5o*l*3 as lualilau.*. 
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'Qtla Ham Ha?tg — This village also belongs to Dowan Brij Lai 
and is under the management of the Court of Wards, Gujranwala. 
In this estate approximately 300 acres have gone out of cultivation. 
The results of the soil survey showed that at least three rice crops 
would be required for complete reclamation. In the year 1911 one 
cuseo of extra water-supply Avas allotted. The following varieties of 
rice were sown : — 



Area sown in actea 

Average yield per 


1 

acre in mauuds 

JLoDa 

40-4 

21 

Satbra 

11-6 

17*8 


During rabi 1941-12 gram has been sown in 14*25 acres and 
berseem in half an acre. The decrease in area under rabi crops is 
due to the fact that the zemindars Avere late in taking the extra water- 
supply. This made the rice crop late. As rice was harv^ested late 
gram could not be sown in the Avhclo of the area. 

A summary of the accounts is given below* : — 



Expenditubb 

Bs. A. 

p. 

1. 

Cost of seed 

25 14 

6 

2. 

Transplanting charges 

104 0 

0 

3, 

Water Bate 

690 0 

0 

4. 

Land Eevenue 

137 6 

•0 

5. 

Harvesting, threshing, cartage, etc. 

363 12 

6 

6. 

Market expenses 

167 14 

0 

7. 

Miscellaneous 

1 

. 88 14 

0 


Total 

1,567 13 

0 


Income 



839 >26 maunds of Jhona at Bs. S-Q-O 

2,989 13 

3 


204 *1 maunds Sathra at Rs. 2'6‘6 

490 14 

0 


Total income 

3,480 11 

3 


Total expenditure . . 

1,567 13 

0 


, Net income .. 1,914 11 0 

• . ■ I Rb. A. p. I ; ( I . , , Bs. A. p. 

Landlord’s share 937 5 6 Tenants’ 'eharo • ' 967 5 6- 
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B(\c}ia Kohna — Tho "whole of this "village belongs to De'ss’on 
J^bal Nath of Eminabad, A survey of the village was undertaken 
Tvhich sho'wed that fields in all stages of deterioration existed. There 
'W’ere fields "which had become completely thur and had been lying 
uncultivated for several years. In others although crops "were sown 
the yields were low. A portion of the remaining area was carrying 
normal crops while in another portion pitches of salt were present. 
Two cusecs of extra witei-supply ivore sanctioned for the reclamation 
of thur laud in this village. In the first year tho completely doterio* 
rated laud was handled. The following are the areas sown : — 


Area sown in acres Averageyield. per 
acre in matmdg 



A summar3'^ of the accounts is given below : — 


Khaki If 1041 


Expemlifure 


1. Cost of seed .* •• -• 51 4 8 

2. Transplanting charges .. .. 108 0 0 

8. Water-iates .. •• •• 1.296 0 0 


4. Land Eevenuo 

257 

9 

0 

6, Labour employed (for direct cultivation) . . 

283 

0 

d 

6. Harvesting, threshing, cartage, etc. 

492 

0 

0 

7. Market expenses 

224 

11 

3 

8, Miscellaneous 

227 0 0 

Total 

3,944 

3 

6 

Incomi: 




Sale of 1,SG4 inauuds -2 tcers of Jhona 

lls. 8.7‘0 per maund 

l.Ca'J 

A 

8 

Sale of 283mauudil Salhra ^ Its. 8*&-6 

per maund 

sio : 

Id 

8 

Total income 

s.tyJ 

14 

G 

Tot,vl evj'inJiture .. 

2,9 n 

3 

G 

Nii m.vm« 

2,555 

u 

0 

Sfl invvm* per ~crt 

51 

7 

'1 

Landlord'* *liar* 

1^27 

1 

G 

Tenaur* ahar* 

1,228 

4 

G 
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■ During rabi the following crops have been sown : — ‘ 

■’ ‘ M , f , , ' Acres 


Gram It . n. ‘ » .. 31*8 

’ Berseem't ... 31 •! 


Vo .rpjjg condition of the rabi crops is good. ' • • 

u,.:, Backa Nau — This village belongs to the Gurdwara Parbandhak. 
Committee, Bacha Nau. A large portion of this village has become 
thur and. is lying uncultivated for years. On an application from the . 
Gurdwara Parbandhak Committee two c usees of extra water-supply 
were sanctioned by the Land Reclamation Board. The following 
are the areas sown :• — ^ 


l.,l , ,, , 



( It ' 

Area sown in acres | 

Average yield per 
acre in maunds 

Jhona 

65-9 

26 

Satbra 

21-7 ' 

16 


The Gurdwara Committee decided to, give the whole of the 
land to » the tenants, who were asked to boar all expenses of le- 
clamatiojfi and give a nominal shaie to the landlord out of the 
producB.j, Prom the accounts’ maintained the total expenditure 
incurred was .^Rs, 2j97l-2-0,‘ The total income obtained was Rs. 
Rs, 6,975. ‘ Deducting expenditure net incomd^was' Rs. 4,003-14-0, 
This ■wa^' divided between the Gurdwara Committee and the tenants, 
the Gurdwara: Committee receiving. Ra. 430-3-0 and the tenants 
Rs. 3,573-11-0.1- 

Kot Bewail All — An account of leclamation for the year 
1940 was given in the last Annual Report. One cusec of additional 
water-supply was sanctioned for reclamation. Pir Dewan AH Shah, 
the proprietor of this village, applied that his zemindaii supply 
should also be converted into a contract supplj' so that he is 
able to devote the whole of the Avater towards reclamation. This 
was sanctioned by the Chief Engineer. During T^arif 1941, 123 acres 
of rice were sown on a total supply of 2'5 cusecs. The Pir Sahib did 
not maintain accurate costing accounts but from the figures supplied 
by him, his total expenditure was, Rs. 2,226. His share of rice was 
approximately 1,600 maunds which was sold for Rs. 5,000. This gave 
a profit of Rs, 2,774 to the Pir Sahib. A portion of this village has 
now carried two rice crops’ and it is considered that some fields are 
fit for normal cropping. A soil survey is in progress. During Eabi 
1941-42; 28 acres of grain and berseem have been sown and 48 acres 
have been put under wheat after an application of farm-yard ' manure 



Chak 089-G.B. — This was tho first year of reclamation in Chak 
589*G.B. in land belonging to Messrs. Baij Natli and Jagan Nath Bballa 
and Malik Mobammad Hayat IChan. The extra water-supply sanc- 
tioned for reclamation was 0*75 cusoc. > It was added in the existing 
water-course and tho warabandi was changed by the Executive En- 
gineer. As tho other sharo-holdors did not agree to a five-day wara- 
baudi, a 7-day wari was sanctioned. Eor the area managed by Messrs. 
Jagan Katb and Baij Nath Bhalla, they have carried out the experi- 
ment according to instructions and have submitted a report which is 
reproduced below — 

“ We undertook reclamation of our Thur land, situated on 
the outlet at B. B. 55,93 l-E, Nankana Minor, Lower Chenab Canal 
On *5 cusec of contract supply^ of water, which was given to us for 
kharif 1941. 

We took very great pains in supervising eyery minute de- 
tail of the various operations connected therewith and made every 
possible effort to make the experiment a success. We are glad 
to submit herewith the figures for your perusal, which speak for 
themselves. There is no doubt that the price of rice crop sold was 
favourable, which also contributed to the success we have been able 
to achieve in our net results. 

The seeds of rice (Satlira 278 and Jhona wliite No. 849) 
were sown on 17tli May 1941 and a little on the 28th ifaj’, 1941, 
to supplement anj shortage that might arise. Wo started trans- 
planting on 21&t June and completed the same about the middle 
of July, the total area transplanted being 21^ acres. 

Tho wliole rice crop has since been cut and sold, the income 
and expenses incuned thereon up to the end of November 1941 are 
as follows : — 

Income — ^Priio received for sale of 185 maunds 24 seers 12 chhat- 
iik<! of rice being cur siharo — Rs. 583-4-3 onlj’. 

Expen$C{> — Amcuut paid to canal department as vest of — 



Ks. 

A. 

p. 

0-5 cut>cc of water 

Cost of manure juircbased for sowing of rice 

S2-I 

0 

0 

paniri . . 

9 

0 

0 

Cost of ricp bcc-d 

Id 

1 

d 

Miscellaneous 

95 

8 

0 

Land Rovenuo 

100 

14 

3 

Cobt of lrausi)l.intrttiou .. 

Contribution towania the pay of the Village 

51 

d 

0 

Assistant 

Lt S4 amount realbt'd from tenants, as per detaili 

23 

0 

0 

given below .. ' 

115 

s 

9 

Xet expenses 

4Td 

I 

9 
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Coating accounts \^ill bo given in tho next yoai’s report. 

.. Chah 230, -G. B., {behiiging io Baja Sir Daya Kishev KauT ) — 
In kliJirif 1940 tbo Raja 3‘^bib avos lato in applying for extra \vator- 
supplv. This made the rico sowing late. Leaching was also insuffi- 
cient. Onlyi 44 acres' of rico' were sown' which gave nn averago yield 
of 13 jnaunds per acre. During Rabi 1940-41 the following crops wore 
sown : — ' ’ 

' j Acres 

Gram . . ' ' . . . . . . 26 *0 

Bereeem 14*6 

Gram gave an' averago yield of 16 iiiaunds por acre and borseem 
fetched tho normal price. 

Prom the results of analyses after rico and tlio yields of gram 
and berseem some fields wore declared as reclaimed. Cotton was 
sown in 3*7 acres. This gave an average yield of 8’4 maiinds per 
acie. 

During kharif 1941, 70 acres of rico wore sown which gave an 
average yield of 15 maunds per acio. 

During Rabi 1911-42 the following crop.s have been sown : — 

Acres 

Berseem . , . . . . 31 

Gram in wadh-watter , . . . 55 

The condition of tho rabi crops is good. 

With ono year’s experience of reclamation and tho yields of 
rice and rabi crop of gram and berseem and also the rate of damage 
due to thur the Raja Sahib applied for the water-supply to bo increased 
so that be could finish reclamation in a shorter period. For kliarif 
1942 the extra water-supply has been raised from two to four cusecs. 
This will enable tho Raja Sahib to put the wholo of the existing thur 
area under leaching and rice. 

(c) Lower Jhelum Canal / 

In the Lower Jhelum Colony reclamation on contract supplies 
of water was continued in villages Sbei Muhammadwala and Fateh- 
pur. 

In 1941 one cusoc of extra water was sanctioned for the zemindars 
of chah 10-N.B. Tho now five-day warabandi for this outlet could 
not bb hanctionod before ^lay loth. This made leaching late and the 
rice transplanting was also done late. Rice was sown in an area ct 
85 acres out of which 3 acres was a failure. • The total produce 
obtained by the zemindars was 242 maunds w’hich gave an average 
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jield of 8 mauuds per acre. Gra6i has been sown in wadh-wattar* 
of rice. Accounts for kharif 1941 are gi^n below : — 

Expecditurb 

^ Bs. A. r. 

Cost of 1.0 cusec water-supply .. .. 498 3 0 

Miscellaneous expenses .. .. .. 120 0 0 

Cost of 7^^ maunds of rice seed . . . . 2G 15 0 

Land rcveuuo of 35 acres and 10 marlas at Bs. 

8-8-0 per aero . . . - . . 122 11 G 

Total . . 767 13 G 

I^fCOilE 

Total area of rice sown . . . . . . 35 acres 

Md. Sr. 

Total out turn of rice . . . . . . 212 11 

Wages in kind .. .. .. 12 4 

Net yield recovered . . . . . . 230 7 

Bs. A. p. 

Income of the zemindars from the rice croj) 

sold at Es. 2-12-0 per maund , <>32 15 9 

>27.— Land ownera themeelves cultivate the land. 

In spite of the fact that the zemindars have incurred a loss of 
Bs. 4 per acre on rice they are satisfied with the improvement of the 
land. After the harvesting of the wadh-wattar crop of gram the 
zemindars ^Yill certainly get a profit. For kharif 1942 the zemindars 
of this village and also of the adjoming villages have applied for ex- 
tension of reclamation on contract supplies of water. 

One difficulty in making reclamation successful in the Lower 
Jhelum Canal area is the closures during kharif. These closures 
adversely affect the process of leaching and the growth of rice. The 
yields of rice are low’ w'hich reduce the zemindars’ income. 

Kharif closures on this canal were introduced to prewnt rise 
in the water-table. The policy of using closures as an aiiti-water- 
logging measure has been abandoned on other canals. Taking into 
consideration the fact that tliur is rapidly increasing in this colony 
and that reclamation will have to bo taken up soon it advisable that 
the kharif closures should bo abandon' d. 

(d) Urpnu CHEK.U1 Canal 

Dahranuali This is another instance of ie\erai zemindars 
co-operating amongst thimsehea to undertake red am at jou of iLur 
land. At the request of the zemindars a .-oil turve-y was uLdertakea 
which showed that their tbur land could bo re-claimed with thrve rico 
crops. The area is irrigated from the Xokhar Branch wlnih wi* 
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an application of farmyard manure. It is expected that gram will 
give an average yield of 8 maunds per acre. From tho zemindar’s 
.'test that where gram grows the land HhouU\ ho considered as reclaimed, 
tho Baja Sahib is satisfied with tho progress of reclamation, 

A soil survey^ after rico is in progress. Even though gram is 
* successful it is cousidored that tho land is not completely reclaimed. 
' It will probably roquiro ono moro rico crop before it can bo handed 
hack to tho landlord for cultivation on zoinindari water-su])ply. 


Costing acoomit^^ for kharif'lOll aro given holow 
Ik CO mi: 


’ Karoo of Variety 

Total yiclil 

" i 

Uate per maund 

Valao 

It M 

MJ«. Sri. Chi. 

Ui. 

113, A. r. 

Jhona 

1,352 20- 0 


t 

5.530 0 0 

Snthra .. .. .. 

' ISS 0 0 


1 

7.-.2 0 0 

MchUr 

315 30 0 

! , 

t 

2,1S3 0 0 

1 

* ' " Total 

2,lio 16 0 


8,465 9 0 

Ij.tiuUutd’iJ sh^ro 

Toiiitiit'.* 



Es. A. p. 

.. 1,232 12 9 

-1,232 12 9 


Kxi'UNiuTiiai: 




— 

paid by l.ii.dlnrd 

P.tid by Tenants 

1. Prico of 2*5 cuisecs of water 

Es. .\. p. 
765 0 0 


1 

Es. A. P. 

520 0 0 

2. Laud rovomio 

383 7 0 




.3. Seed 

80 0 0 




1. Tr.u^^plantulg cltaigo'^ at 
3L. 2 per aero 




216 0 0 

f). n.tr\ei<tiuij 

157 1 y 

113 0 0 ' 



157 1 9 

0. ^fhcelbueous 




Total . . ; 

1,863 11. 9 

•1 

,223 1 9 



Laudlorda’ incomo 
Landlords’ Exi)Cuditiiro .. 
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Profit 

Tenant’s income 
Tenant’s Expenditure 

profit 


Rs, A. 

p. 

4,232 12 

9 

1,803 11 

9 

2,309 1 

0 

4,232 12 

9 

1,223 4 

9 

3,009 8 

0 


' The Salt Zone iji the soil^^rofile and the Tirah attack on American 
cotton in the Montgomery DistHct — The question of the tirak attack 
oa American cotton in the Punjab was discussed in the 26th meeting 
of the Waterlogging Board held on 2nd December 1940. Aa a result 
of the discussion it was suggested that the reports of the district officers 
showed a state of affairs comparable to the picture of the salt zona 
in the soil profile and indicated that the appearance of tirak was a 
symptom of the approach of thur. This observation harmonised with 
the fact that in reclaimed areas where the salt zone had been depressed 
cotton was not attacked by tirak. It. was decided that, while appli- 
cation of nitrogenous manures and late sowing should be accepted as 
a possible treatment, the recommendations of the Director of Irriga- 
tion Research regarding the removal of the salt zone from the soil pro- 
file for the prevention of the tirak attack should be further investiga- 
ted. 

It 13 well-known that the tirak attack is more severe in the Lower 
Bari and the Nih Bar Colonies and enquiries show that the 
tendency of the zemindars is to reduce the area under American cotton. 
A few examples are given below 


Scnal ^ 
Xo 

Xatno of Cli»L ^ 

;ti^viiiencAn c«ltAn 
Kown Juring 
Lh&nf 191U 

AtnrricAo rotton 
•U«0 tlutll)^ 

kUxif u>|l 



j 

.Ure» 

1 

15/n-L .. ^ .. 

U1 

! 

2 

SC,12>L 


1 

3 

3S/12.L 

103 

1 

i 

4 

s9,i:l 


1 i3 


An estimate of the loss of Govemuit-al revenue can be mad- 
from the (act that a sum of Rs. 45,000 was n.anitte J on account of 
tirak attack during kharif 19 10 in the Chichawatni Sub-TahsU al 
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Por tiio invostigatiouB proposed, Government sanctioned an 
anti-tirak centre to bo established in tho Montgomery District. A 
budget of Es. 10,000 was sanctioned for this purpose. A survey of 
cotton fields in tho Chichuwatni area was carried out by tho Executive 
Engineers and tho local civil oflicers. Approximately 2,000 acres 
belonging to GOO zemindars woro selected for treatment. A soil survey 
was undertaken by tho Laud Eeclamation Department, and from the 
results of analy^-es it was found that in all tho Holds the salt content 
or tho alkalinity was high at some depth of tho profile within 6 feet 
from tho natural surface. 

Extra water on tlie basis of oiio cuioc for 50 acres was added 
to the existing water- couises and tho warabaiidis reduced to live-day 
u waris. -As the experiment does not relate to nonual reclamation but 
'<1 tO‘ tho depression 'oC tho' ' zone of accumulation of salt, leaching >va 3 
■1 started on ilay 15th as extra water was not' available boforo that date. 

1 Kico was transplanted in the month of Juno. Tho extra water-supply 
• was 'withdruun on the Ibt of October, Gram and berscem have been 
ii'Sowii in wadh-w’ivttar of rice. Tho' condition of gram after rico is o-x- 
I'cellent and is much better than’ that grow’u in tho adjoining un- 
i< deteriorated fields. Cotton will bo sown in khurif 1912. 

\ ^ ,Tho staif pifovided for tho supervision of rico cultivation in 
, the anti-tirak ^ centro took uu opportunity of studying tlio accounts 
^ of the zemindars and the cost of tho experiment to tho Government. 
A siumuury of tho accounts is given below : — , 

*’• 1 1 Total aiou \iinlor rjcu ‘ 1,721 acros 

Total iiolil o[ ri^o, 

'i . .1 I ( i. * ' 

^ ^ Tot'al iucoiiio to tUu ycuiiml,ua\ 

IiicoiiJo ti> tbo ZL'iiimJai!. afttr tliri 

OXpOllSiOS 

. Total budget t'.iuitioiu it by GoNL'rumout .. 10,000 

'Water i.ites paid ... ' 9,150 

Laud Ko\euuo paid .. 3,991 

Total iucomo to Go\crnmcnt « 13,117 

The ChalxanwaU Experiine7ital Eeclaviaiion Staiio 7 i — Practically 
tho whole of tho area neglected by tho lessee during the period of tho 
lease has been brought under cultivation agaiu. During the year^all 
this area produced normal crops of rico, sugarcane, wheat, berseem, 
and other fodders. 

One hundred and thirty- one acres of new Eakkar land were 
broken and reclamation started. It is expected that this'ai'ea will bo 
partially reclaimed in 1942 and that tho costs \yill be covered by the 
income from rico. ^ i ‘ i.' p ) J .’.mm. 


22,519 luauiidf* 

Hij. 

83,101 

35,003 



- The sowing of gram in wadh-wattar of rico has been introduced 
ill the tenants’ area. During rabi 19 it gave an. average yield 
of 13*3 maunds per acre. This has increased the zemindars income 
and Government revenue from the farm area. Previously the land 
used to lie fallow and rice always followed rice. In fields m which 
gram has been successful it is proposed to sow normal crojm ;' the water-* 
supply for rice will be utilised for the reclamation of the adjommg thur 
fields. 

Durinc kharif 1941 great difficulty was experienced m procuring 
rice seed for the Keclamation Centres. The total qu^tity required 
was not available with the Agricultural Department. The seed avail- 
able at Ghakanwali in Government godowns or with the tenants was 
all sold and in kharif 1941 new seed from Kala Shah ^a^u was in- 
troduced. From this year’s crop approxunately 3,000 ina^ds of nee 
have been utilised by the Land Reclamation Department for distribu- 
tion as seed. 

During the year 1941-42 the total expenditoe on the ^rm was 
Rs. 30,000 and the total expected income not less than Rs. 56,000. 

SOIL AND WATER SURVEYS 

(i) Soil Survey oj a Million acres in the L^jallpur Disirtci 

In the report for the year 1941 the results of a preliminary soil 
survey of the area iirigated by the Nasrana distributary of the Jhaug 
mS were Kiven and it was stated that m ceitain vil ages as much 
“ “s pei cent of the cultivated area had developed salts at the sur- 
tef On the basis of the results of this preliminary survey Govem- 
men't decided to havo an area of a million acres checked to deler- 

^ (o) Areas where deteiioration is in progress and also the rale 

of deterioration. , , r 

m the depth of the t,oil emst with a view to locate .irean 
^^helo the rising water-table is likely to cause waterlogging. 

In October 1911, four soil sur^’ey parties org.niL^ed for tin* 
Hold work and two Research Assistants were deputt*il for the laboratory 
woik. The whole of the suivey is under the charge of an experienced 
officer. 

During the period eliding UDt March 19 12 ru ld n nrk u ..s li.n-lu a 

in 137 villages comprising an area of 100,000 .ktc-. tin- rc-iill- ..f 

(a) Depth of the Suit Crasl— The- depth of the soil eru-t e am. 

, 1 ' * a,./ fn a 1 ir-'O nortioii of the are i -<» far 'urvejid 

|.oil crust. In tbciO pits a layer of sau J % ary ui, ire.a 





in thickness appeared at a depth of 5 to 6 feet from the nature 
surface below which loam or clay loam existed and sand appeared agai; 
at a depth of 9 to 10 feet. ' 

• (6) Texture of the Soil Profile — Three types of profiles have bee: 
observed during the course of the survey : — 

(i) First 3 to 4 feet of the profile are loam or light loam 
Below this depth the sand content increases till at a depth of 7 
; or 8 feet the sand is all coarse. 

’ . (ii) First 5 feet to 6 feet of soil is loam or light loam ; th< '* 
. there is a clay layer' varying from 9 inches to 2 feet in thicknt 
‘ below which there is coarse sand, ^ 

! ■ . (iii) First 3 feet to 4 feet of soil is sandy loam. Then 2 fe 
to 3 feet of loam which gradually changes into clay to a, depth - 
10 feet. \ 

I (c) Zone of acciumdaiion of salt — It was not possible’to leave th 
soil profiles exposed for some time so that^ the zone of salt accumula 
tion could be seen. It was observed however that where the zone o] 
accumulation was, at a depth; of 0 to 4 feet the characteristic sal] 
appearance was noticed in the course of a day or so after digging. 1 
(d) '•Kankar, Layer — Kankar is met with in almost all soils 
The depth and the size of kankar varies from place to place. Obser- 
vations on the growth of crops with reference to the depth of the 
kankar layer, its size and colour and also the appearance of thur at 
the surface and alkalinity of the subsoil layers are in progress. 

.. .(e) Spread of Thur — From Fig, 230 it will be seen that then 

is hardly, a village where thur is non-existent. From enquiries niadt 
it can be stated that the apjiearance of thur is on the increase and 
every year cultivated land goes out of cultivation due to this, ia 
the south-eastern portion of the district thur girdawaris are carried oul 
and land reclamation operations are also in progress. In the area 
irrigated by the Khurrianwala distributary, however, the water-tabli 
is at a depth of 30 feet or more from the natural surface and no thuj 
girdawaris are undertaken. The soil survey has revealed that this area 
is mider rapid deterioration and that if nothing is done to prevent this, 
the stage of uneconomic yields will soon be reached and zemindars 
will have no other alternative but to abandon cultivation. 

(fi) Soil and Suh-soil Water Surveys of Miani and Pakhotca 
Bakhs in the Bhalwal Tahsil, District Shahpur. 
Proposals were made by the Deputy Commissioner, Shahpus 
district, that the area, covered by Bakhs Miani and Pakbowal 
should be given on lease on conditions that the lessees should sink 
open wells for providing irrigation. Before giving approval to the 
proposal, the Financial Commissioner, Bevenue asked for a soil and 
water survey to be undertaken to investigate if the areas were suitable 
for allotment and the subsoil waters fit for irrigation. '' 
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From tho examination of the soil prohlos in the field and soil- 
• samples in tho laboratory the whole area of RaUhs Miani and Pakhbwal 
has been divided into three types, Fig. 231. 

Ra typo 1 tho soil profile has low salts and low pH in the whole 
ot the profile to a depth of G feet, Norniil yields will bo obtained 
on this type of land if irrigation water is available. 

In type 2 although the salt content and pH values of the 3urfa,oe 
soil are low they are high at some depth of the soil profile within 6 feet' 
from the natural surface. This type of land is likely to deteriorate 
or give reduced yields after some time. 

In type 3 the salt content or the pH value is high at the surface. 
This land requires reclamation with canal water before it can bo allotted 
for cultivation. 

The major portion of Rakh Pakliowal b 3 longs to type 3 and has 
reached the Rakkar stage. It is highly alkaline and at places is very 
. hard at the surface. This land is not economically reclaimablo. Looking 
at the map it will be seen that the area from tho Lower Jhelum Canal 
Main Line to as far as Pakhowal Railway Station is of this type. Tho 
“water-table is very near the surface and a veiy intensive system 
of field drains would bo necessary if an attempt is made to reclaim 
' tho area. Reclamation of this area on well irrigation is impossible. 

The total area of the Bakhs and tho areas under each typo are 
given on tho map, Fig. 231. 

Conductivities of subsoil water samples taken from bores freshly 
dug are also given on tho map. These conductivities are on tho high 
side, but samples of water taken from wells in the adjoining are.a 
show that they are suitable for irrigation. Tho analyses of waters are 
^iven in Table LXVIII. 

Waters whoso “ Salt Index ’ is negative are suitable for irri* 
gatioii. Those which have a positive “ Salt Index ” are mnit for 
irrigation. Tho only water unsuitable for irrigation i-' from Chah 
Pir Shahwala, Kegd. Xo. 37. 

From the analyses of the ^olls and the well w.iter-. llu* foUowm^T 
are tho com liuions : — ** 




245^ 


During the period 15th June 1941 to 1st October 1941 the run-off 
from the slopes of the outer hills was received only once in some of the 
wahns and twice in others. The sites of sampling for run-off water 
the outer hills are marked 4, 5, 6, 7 and 8. They relate to the 
lollowing wahns : — 


Site No. 4 
» 5 

» » G 
•. 7 

„ 8 


.. Kohalian Walm 

. . IvacbooU „ 

. . Dliaddar ■ 

. . Daugali „ 

Tnmina „ 


- ^ The results of the analyses are given in Table LXXII. Compared 
with the salt content of the waters in the main Nullah the salt content 
of the waters from the slopes of the outer hills is low although the 
total salt content is above the limit of 60 parts per 100,000 which is 
the limit for good water for irrigation. The main salt present in these 
waters is calcium sulphate which is harmless. It is considered that 
these waters would not damage the land. The water that will be harm- 
ful is the run-off water from Trimma Wahn. If this ^raha is trained 
so as to join the neighbouring stream the addition of salt to tlio fields 
flooded by this wahn can be prevented. 

During the course of the surv’ey, the Research Assistants made 
observations and enquiries regarding the spread of the saline flood' 
waters on the land between the hills and the railway line, as distinct 
from the spills from the Makrach Nullah. 

Their observations showed that water from^ Kohalian Wahn 
does not spread over a very large area as this joins tho Mikrach 
Nullah immediately below tho point where it comes frona tho hills. 
The water from the Kachoola Wahn is not very saline. This is utilised 
by zemindars for irrigating their fields by means of kuhls (water- 
courses) which are taken off from the wahn by constructing small 
eaithon bunds. Water that is not utilised by tho zemindau goes 
into tho Golpur Branch. Although kuhls have also been Uken off 
tho romamhig three wahns, viz., Dhoddar, Dangati aud Trimma, 
most of the water spreads on tho laud botwoeu tho railway Imo and 
tho hills and is all absorbed. 
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TABLE LXIV— cONTiNuiin 


Xame of Tillage 

Han'cst 

Total 

C. C. 

Total 
area llmr 

Percent 
Thur on 

C. C. A. 



Afn-s 

Arrcs 


Mailihrala — conctJ .. 

lOSGKharif 

8/i3S 

674 

7 9 


1037 Rail 

‘ 8,537 

5>S7 

lO’l 


1037Iiharif 

8,537 

' 927 

10-9 


1938 Rabi 

8,337 

1,137 

13-3 


1938Ivhanf 

8,537 

1,231 

14-4 


1939 Rabi „ ^ 

8,337 

1,193 

14*0 


19391vhanf .. , ^ 

8,737 

1,156 

13 '5 


1910 Rabi ... 

3,337 

1,UU 

11«9 


lOlOJvhartf » 

8,332 

1,116 

13*1 

Kot Shah Mohd. 

1035 Rabi 

2,569 , 

591 

23*1 


1935KhaTif ... .. 

2,362 

788 

30-8 


lOSOItabi * 

2,562 

831 

32*6 


1030Kharlf 

2,562 

857 

33*4 


1937 Rabi .. : 

2,562 

759 

29*6 


vl037 Khanf .. , 

2,567 

938 

36 '5 


1938 Rabi .. . .. 

2,567 

I 957 

I 37-2 


1938Kharif 

2,567 

909 

35-4 


1939 Rabi , 

1 2,3?7 

841 

328 


1939 Khanf 

2.567 

803 

31-3 


1910 Rabi 

2,568 

529 

20*6 

■ • M 

1940 Khanf 

2,563 

' 714 

29>0 

*7&.G. B. . j ' . 

11913 Rabi 

I.7J0 ' 

, S9 

5«3 

! 

1933Khanf ,, .. 

, 1,710 

213 

13*4 

I • 1 

l93GUabi ' .. ... 

1,710 

262 

13-3 


l‘l930 Khanf 

1,587 > 

316 

19-9 


1937 Rabi 

1,586 

' 320 

20-3 


I937Kharif 

1.-S7 ' 

319 

21'9 

' , 

1938 Rabi 

1.5S7 

879 

23-83^ 










table LXIV — continued 


XacjeofTiD^e 

Harrcit 

Total 

ac.A, 

Tula! 
area Thor 

. Percetit 

Thor on 
c.aA. 


- 



Acres 

Acres 


5«J-G. B.— <onclJ. 

1933 KaLnr 



l,3a7 

37T 

23*7 


1939 Babi 



1,5S7 

3G9 

23 ‘‘a 


1939 Khanf 



1,3S7 

403 

25-* 


1910 Babt 



1,3>7 

401 

23-2 


1940 Khanf 



l,5s7 


24*1 

Baghjanii 

1933 Babi 



J,3al 

113 

4*0 


1933 Khanf 



.M73 

137 

7 S 


1930 Kab» 



J,j7r. 

210 

s-ii 


193G Khanf 



1».373 

337 

14’2 


1937 lUbi 



1\373 

3^0 

10-7 


1937 Khanf 



-’.373 

4^4 

20*2 


1033 Babi 



JA73 

744 

22 9 


193S Khanf 



l\37j 

347 

23 0 


1939 Babi 



_’.373 

3G1 

23 a 


1039 Khanf 



.•^73 

32a 

23-2 


1940 Babi 



3,375 

5IC 

21 7 


' 1940 Khanf 




.730 

22 2 

Ehannjbaufar -> 

1934^ 

- 



- 

- 


1930 BaU 




37$ 

4 ^ 


193$ Khanf 


.. 

1I,C3J 

ST< 

- 5 


1037 lULI 



11 CZi 

•i» j 

%'i 


1937 Khanf 



ll.Ct3 

l.lt.* 

J • 


1033 lUU 



11 (tl 

1,171 

II 7 


103$ KhatJ 



11 443 

Lm 

44 2 


1V39 lUU 



II 44: 

1 v.*» 

U 4 


l^KUnf 



n.u; 

1 >41 

1* « 


IHiO lUU 


' 

ii.tt: 

i.vr: 

It 4 


l’.>43 VWJ 


•* 

1»3 

l,»;a 

It i 





TABLE LXV - , 

SrATCllCS'r SHOWING AN AliSTRAW 01' COSTING ACCOUNT Oi’ NANKANA SAIIIB IlECLAMATlON CENTRE rORKUARIl' IMl 



Net profit 





£ 58 - 


, TABLE LXVr 

STATEMENT SHOWING AN ABSTBAC?! OF COSTING ACCOUNTS OF DANOALI 

. . - reclamation centre 


1 Serial No. 

Cbak No 

< 

eS 

-5 

e 

^ § c 

5,5 g 

III 

E-* 

1 Total ot-xroBS 

1 

a 

ts 

& 

s 

K 

u 

£ 

5 

■s 



Acres 

Acres 

Acres 

Ils. 

Maunds. 

Rs. 

Es. 


1 

G20-G. R. 

107-1 

1-3 

105 8 

669-0 

1,070-3 

4,2s3-0 

3,614-0 

33-8 

2 

C27-G. R, 

114-3 

2-0 

112-3 

737-0 

1,52S-C 

0,035 0 

5,293-0 

40-^ 

3 

C23-G. 11. 

112 7 

2-0 

iio-i 

568-0 

852 -8 

3,411-0 

2,843-0 

"5-., 

4 

C2D-G. 11. 

174 C 

3-5 

171 I 

669 0 

1,SS9-C 

7,559-0 

6,890-0 

39-4 

5 

C31-G 11. 

29-8 


29-8 

114-0 

48 7 

i'i5 0 

81-0 

”‘7 

G 

233-G. R. 

64 2 


G4 2 

392-0 

C3S I 

2,553 0 

2,161 -0 


7 

234 G. Il, 

12-2 


12 2 

95-0 

I5S-3 

633 0 

538-0 


8 

235 G. B. 

1 09-0 

i 

C9 0 

496-0 

60S'O 

3,592 0 

3,099-0 


G 

23T-G. B. 

215-3 


210-1 

479-0 

1,391-3 

.5,560 0 

5,031 '0 


10 

C18.G. B. 

1 72-0 

0-8 

71-2 

472*0 

357-3 

2.229 .) 

1.757 0 

= »*4 

n 

141<.G. B. 

,90-7 


00 7 

625-0 

1.075-0 

4.30* 0 j 

3.677 -0 

40 , 

12 

19-G. B 

94-0 

3-3 

Dl -0 

612-0 

020-0 ’ 

1,701 0 

3.092 0 


13 

ir.G. B. 

30*7 


3G-7 

279 -0 ( 

627-8 ! 

2,511-0 t 

2,232 0 


14 

20-G. B. 

‘ 43 9 


41-0 

1 

2i9'0 1 

607-0 ; 

2,66i O 

2,373 0 


Is 

121-G. B. 

130 2 

1 

1 

lit. 2 j 

1 

i.''0 0 

I.'*s2 3 

7.'.23 0 1 

rt.’tio 0 1 


10 

12V0. B. 

1T3 2 

0 7 

lt.O 

1*>1 t» 

1 1.6-.-, . 

■IT.xlO 

< 72'* t* 

77 . 

17 

l.‘u-C. 11. 

70 7 

1 

70 7 

:.T' i. 

770 s 

T t>i7 O 

-2 731 » . 

- ^ 

Is 

.1(5. 11 

44 2 


41 2 

1 

212 n 

2- 1 

! lOT U 

315 u 

= *3 

lit 

01 G. It. 

102 4 

0 c ' 

j 

- 

ll'l s 

j 

0'.* ' 0 ' 

1 

p:3 2 

L 

1 

2.V..' O ( 

1 

“■> • 

1 

r. tjl .. 

1,7T2*» 

rv 0 1 , 

1 t 

7i(i 1 *.447 V* ' 

■T.c: . j • 

! " 

N'.42: O j < 

..‘.’,50 o 





254 

TABLE. LXVU 

lllXLAMATION ACCOUNT OP BLOCKS A asd BIN IlENAUV ESTATE 


Year 

Eitatcs’ shard only 

Expcn:>is 

Ilicouio 

1910 


Rs. A. f. 

Rs. A. rl 

Kov'cmbcr . . 

By profit brought fonrard from last 
year. 


0,732 15 3 

Ditto 

To Kuppas o re re^ti mated last j ear , . 

752 12 0 


Ditto 

To Goor and Shukltar 

300 a 0 


Ditto ■ 

By additional c/o Idopnji short esti- 
mated lost year. 


20 0 0 

Ditto ' . . 

By llarhar 0 maunda at Its. 2 . 


12 0 0 

Ditto 

By Rice straw sold 


1 1 0 

Ditto 

To cartage of manure to Keclamation 
area 

81 0 0 


No% ember lUh 

To c/o 2 Iron P.ans in October 

36 I2< U 


November 12th o. 

To 70 culture from Lyallpur . . 

39. S , 0 


November 25tli ^ • * 

To wages to Bcldars for October 

20 0 0 


.December lOtli 

To 2 filters purchased fpr reclamation 
area 

13 0 0 


■December IStb . • 

To wages to beldars and ilunshi for 
' November. ■ 

32 4 0 


December 20th • • 

To stationery in Nos ember . , 

0 3 3 


December 22nd 

To laliour and stores on works m 
Nos ember. 

33 5 9 ! 


December 21th 

To Railway freight on culture from 
Lyallpur. 

2 7 0 


December 26th 

1941 

To Tiasellm!; .Mlowtinco to a clerk for 
Lalnrtf trip on rulamiitioii. 

7 10 0 


Atttiuary Ith i 

To stores 111 December , . 

, 2 3 0 


Aanuary ISth 

To labour and stores on works in 
December. 

20 7 3 


January 2Cth 

By salo of green gram 


39 6 9 

Ditto - — 

To eji copies Rescarth Publication of 
Dncctor of Irrigation Research. 

5 2 0 


Ditto .. 

To labour engaged in December 

21 8 b 



Carried over . . 

L4S4 11 9 

0,008 6 0 






TABLE LXVn—coNTiNUED, 


Year 

Estates’ share only 

Erpenses 

Income 

1941— wn/J. 


Rs, A. r. 

Its. A. r. 


Brousbt ferwar'i 

1,4S4 11 0 

6^603 6 0 

Januaiy 31st 

To hire of estate car, October to Decem- 
ber. 

3 6 0 


F ebruaiy Stli 

To stationery in January 

0 14 0 


Feb uary l4tb 

To -torts — Ammonium Sulphate sup- 
plied tu Jaauarj . 

330 2 0 


February 20tb . | 

To lure of estate ear, 7 miles m January 
at 0-1-9 per mile 

0 12 3 


February 26Ui 

To salary (o Khiishi Srolirmmad, 
Ilaqadar for January , 

20 0 0 


March 4th 

1 To stationery in rebniary 

0 2 9 


March lOtU 

To cepi to blacksmith and carpenter for 
Kh 40. 

6l 0 0 


^farch 2 JqcI 

To hire of a r.ir 11 miles, February .. 

1 C 0 


March 13th 

To salary to Ilaqidar for February .. 

20 0 0 


March 25th 

By cash s.\ls of green borseem 


77 13 0 

March 31st 

By cash sale green berseem 


111; s 0 
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TABLE LXVII — coktinded.' 









TABLE LXVII- •CO^TINUEU, 


Year 

Estate'^ ahare only 

Ejpense* 

Income 



its. a. T. 

Hi- A. r- 


Brought forwanl .. 

3.010 U 3 

7,317 0 O' 

Sc|)leml)ct 30tU 

To stationery m Scptciulier . . 

2 0 0 

-1 

Ditto 

To labour and stores on. works iu Sep- 
tember. 

11 3 0 


Ditto 

To stores in September 

S IS 0 


Ditto 

To salary to lambardar for September 

20 0 0 


Ditto 

To bnaar manure during J yiar 

37S U 0 


October 23rd 

To ejelo allowance to muejaddata for 
SeptcmbcT- 

3 0 0 


Ditto 

To Builway freight on her^«.m luUure 
from Ly allpur 

1 12 0 

•* 

Novttobcr 10th 

To ■'tntiuiicry and stores in OcIoIh r 

S 0 0 


Kutt'inliir llth 

To-Oan tolUa-idur fnrtV mUr 

20 0 0 


Kovcmlx-T 2 ulIi 

Itv hsle of rice straw 


3 0 0 

KoMmUr22iiJ 

1 To taUxir and stores (III wmV- in Oeto- I 
Ixr 1 

3 0 0 


Ditto 

To sliaru of capital expinv* for the 1 

203 2 0 


Ditto 

To wages of Uldsrt from April to Sep- I 

1 tCDiVroPtb- 1 

23: O 0 


Ditto i 

1 

1 By produce reteiieJ, 31 6 , 

lit 11* arerspr rate 


1,1131 0 O 

Dan* 

lU produie Ursin ”'i s si 


t.ttfi : o 

Dan* 

B( whist lih.~a :,*7 ta.ai.l. st 
i:. II fill 


272 to It 

Dai" 

Its toir 3: 1** 11 St Us. 1 i; (1 


(-3 V u 

Daio 

III I01-.V-I a 3-U St tU. ; V.O .. ' 


O 3 u 

l»ato 

1 

111 Ursim ’si 3.* a St U« to •*! 

to |«# lutut 4 


l.<22 a o 

Di«n»t»rti'i >• 1 

111 Mu » 1.' li> -*>0 st l,.c s 

’ • i 


4 •> 

Daio 

Uy lU-esU.* tivU liauii. St !.*■ » 1 


7a> o V 

Dai" 

fWrviOsifilws-'od mIw* }a.si.i,l» si 

i.*. ! 


r.i:# -0 e 





TABI^ LXym-coxcr.ui)i:n. 
Water Analysis 
RAKH ^ITAXI 



Ciinh Mona 
Chab 

Station avcil 
Aiuir Cliandnalti 


Analytical data 

(All xalueii m paita per 100.000) — 
Cftlf'iuin Sulphate 
Calctum Carbonate 

Calcium Ricaxboaatc (girea 
as CaCO,). 

Calcium Chlortde 

Sodium Sulphate 

Sodium Carbonate 

Sodium Bicarbonate (gtren 

asNa.CO.)- 

Sodium Chloiida * 


, Total Solids Direct 

Conductivity 
pH > alue 
Nitrate 


Salt Index 
















TABLE tXIX 

Makrach Nullah Flood Water Survey 


‘2G1 
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